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You may find quick answers to your 
immediate heat treat problems in these 
recent Surface Combustion Technical 
Library publications. Ask for the ones 
most pertinent to your requirements and 
well send them promptly. 
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Modern Gas Carburizing 


RX Pre pared Atmosphe re 
Generator 








You'd be amazed (as we are sometimes) at the 










long memories possessed by some of our furnace 
engineers, On short notice they'll give you the 
serial number, location and performance data on 
furnaces that we installed as long as 10 or 15 
years ago ind they're generally right. The 
point is, the best way to forecast the perform- 
ance of a furnace not yet built is to check thor- 
oughly the records of similar installations 


SC-155 Prepared Gas Atmospheres 


SC-149 Pit Type Controlled At 
mosphere Furnaces 


SC-147 Rotary Retort Controlled 
Atmosphere Furnaces 
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BASED ON 22 YEARS OF /HINDSIGHT’ 










53-A Pit Type Carburizing Fur- 
naces Provide Flexible 
Setup 








We have built hundreds of gas carburizers 







52-( Continuous Carbon Restora 
tion Furnace Boosts 
Production 


for all types of production requirements. If you 
are interested in continuous gas carburizing for 
instance, We can point to the first installation of 
its kind in 1931. It’s still doing a job as reported 
in Our sixteen-page bulletin, SC-134, an impor 
tant and valuable review of gas carburizing tech 
niques and possibilities. Write for it, on your 
letterhead please 














49-1} Furnaces for Gas Carbur 
izing 





49-B Homogeneous Carburizing 










47-t Influence of Water Vapor 
on Gas Carburizing 
Atmospheres 





SURFACE COMBUSTION CORPORATION, TOLEDO 1, OHIO 
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Metal Progress 


July 1, 1954 Vol. 66. No. I 


Ernest E. Thum, a 
Marjorie RK. Hyslop, Managing Editor 

Cover by Carlos Vasquez John Parina, Jr., Associate Editor 
Floyd E. Craig, Art Director 


Two issues of Metal Progress will be sent to all ASMembers and subscribers 
in July: This one, dated July 1, 1954, has the usual editorial direction. The 
second one, dated July 15, 1954, will be confined to reports of 22 @ 
technical committees, and, as noted in Metal Progress tor June, 1954, p. 200 
it can be used to supplement the 1948 edition of the A.S.M. Metals Handbook 


Engineering Articles 
Heavy Presses Near Completion, by Arthur H. Allen 


Large areas, thin sections and complicated configurations of light metal forgings for 
aircraft call for press capacities far beyond anything yet constructed. It is hoped that 
closed-die hydraulic presses of 35,000 and 50,000 tons capacity will accomplish the task. 


Sigma Phase —a Review, by Adolph J. Lena___- 


Its effects on the room and elevated-temperature properties of commercially 
important alloys such as the A.LS.1. steels with chromium above 17%. It is not 
always dangerous, because in many of these steels it takes a long time to develop. 





Induction Heating Generators as Production Tools, by Peter A. Hassell 


Success of the high-frequency heating industry depends not only upon the continuing 
improvement of generators, but also the development of new applications and better 
and faster handling. Some design considerations and typical installations. 


Automatic Carbon Control, by Harold Ipsen and Edward J. Rupert 


An instrument for automatic control of carbon potential of atmospheres used in 
batch-type furnaces. Automatic determinations of dew point regulate flow of 
enrichment gas. Results are reported for carburizing and carbo-nitriding treatments 


Annealing of Titanium, by E. R. Funk 


Proper temperature for annealing cold worked titanium sheet was appraised by 
pre-straining tensile samples, annealing 1 hr., and pulling to fracture. Best annealing 
temperature (1100°F.) gave highest elongation and (inferentially) best drawability 


Cathodic Vacuum Etching, by T. R. Padden and F. M. Cain, Jr. 
New design of equipment using zirconium fittings and cooled cathode reduces 
etching time to one to three minutes in standardized routine and handles 
difficult compacts and couples as easily as the common metals and alloys 
Kanigen Nickel Plating, by Gregoire Gutzeit 
Nickel plating by chemical catalytic action differs from electroplating in that neithes 
current nor electrodes are required. The “throwing power” of the bath is infinite and there 


is no variation in plating thickness, even for complicated shapes. Patents reveal some 
of the chemistry of the process for the first time. 


Table of Contents Continued on Page 3 
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GET MORE HOURS OF SERVICE FROM 
Thermalloy* radiant tubes 


Make Electro-Alloys your source if you want 
radiant tube assemblies that will give more life 
and reduce maintenance costs. 

All components are produced in suitable analy- 
ses under close metallurgical supervision, and 
with X-ray control. The straight tube sections 
are centrifugally cast in such a way that wall 
thickness is uniform throughout; i. e., inside 
diameter and outside diameter are concentric, 
and thickness is the same the full length of the 
tube. All finished assemblies are pressure-tested 





ELYRIA, OHIO 
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before shipment to insure freedom from leakage. 
As a result, you are assured of radiant tube assem- 
blies that last longer without cracking, warping 
or sagging. 

Whatever your needs in radiant tube assem- 
blies or other heat-treating equipment—you'll 
get more operating economy from high heat- 
resistant Thermalloy castings. Let us know your 
requirements. Call your nearest Electro-Alloys 
engineer or write Electro-Alloys Division, 5002 
Taylor Street, Elyria, Ohio. 


ELECTRO-ALLOYS DIVISION 


*Reg. U.S. Pat. Off 
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Light Metallurgy Fatigue, by R. P. Lister. 


Why it so rarely happens to turbine blades when they waggle is explained as one of 
the minor miracles of science and major mercies of Providence. 


Notebook Formation of Graphite Nodules, by Albert De Sy 


Growth is ascribed to a mechanism analogous to a peritectic transformation. 
This theory satisfactorily explains several well-known characteristics of nodular iron. 


The Atomic Age A.E.C.’s Program for Power Development 


A fundamental question still to be answered is whether a power-producing uranium 
reactor can be built which will compete with other sources of energy. Commissioner 
Henry D. Smith outlined six lines of investigation that the Atomic Energy 
Commission should pursue in a five-year program. 


Book Review “Aluminum in Iron and Steel”, reviewed by Frank G. Norris 


This latest monograph in the Alloys of Iron Research series is by Samuel L. Case and 
Kent R. Van Horn. The reviewer rambles down some philosophical bypaths before 
concluding that it is “a book that provides factual answers and also stimulates the reader 
to ask as many questions as are answered . . . a profitable source of information.” 


Data Sheet A.I.S.I. Standard Alloy Steel Compositions 


Openhearth and electric furnace alloy steels list of February 1954. 
Correspondence 
Aircraft Engine Valves, 1917, by Basil W. Doncaster 

A Sheffield firm’s first production of stainless steels of cutlery grade. 


Australia’s Memorial to U.S.A., by Tom Bishop 


Design and construction of an octagonal aluminum-covered shaft, 258 ft. high, 
surmounted by an aluminum sphere on which stands an American eagle. 


Wartime Work on Bazooka Rockets, by George N. Vitt 


The first rocket motor tubes blew up at 6000-psi. pressure. This was raised to 40,000 
psi. by controlled heat treating and brazing. Credits for the development are sorted out. 


Are Welding of Nodular Irons, by C. L. Hoobler 


Corrects the inaccurate inference (in a digest published in Metal Progress, 
February 1954) that nodular irons are not weldable. 


Digests of Important Articles 
Manufacture of Large Forgings - 

Requiring complicated heat treatment and sequence of forging operations. 
Techniques Refined for Arc Welding Nodular Irons__. 

Nickel-iron cored electrode used for repair and salvage of castings. 
British Tests on Welded Pressure Vessels 

“Stress probing” technique, and cyclic loading, determines stresses on inside and outside. 
Screening Test for Cast Stainless Steels 

Preliminary electrolytic etch in 10% oxalic spots corrodible castings. 
Comparison of Costs in Openhearth and Electric Furnace Shops 

Small steel plant would do well to install electrics 
Properties of Al-Mg-Si Alloys Containing Iron, Manganese or Chromium 

Mechanical properties, corrosion resistance, metallography. 


Thread Inserts of 18-8 Stainless for Magnesium Components 


Inserts resemble coiled springs and easily replace costly threading of holes. 


Departments Engineering Digest of New Products 
As I Was Saying, by Bill Eisenman 3 Manufacturers’ Literature 
Personals - ' 125 Advertisers’ Index 
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Beryldur- 


A NEW, LOW-COST, EASY-TO-WORK 
BERYLCO BERYLLIUM COPPER ALLOY 





Why make a dustpan out of beryllium copper? In this case, the 

pan had to be nonsparking, yet stronger and harder than would be possi- 

ble with brass or bronze. In fabricating the pan from Beryldur, a brand- 

new Beryleo bery!lium copper alloy, the makers demonstrated the work- 
ability of this new low-cost material. 





Beryldur .085” thick was supplied in the annealed temper. In this 
condition, Beryldur is easy to form, as the illustration shows. The 
handle was roll formed and punched; the body stamped, drawn, 
punched, crimped and coined. The same dies used for making steel 
pans were employed without modification. The pan was then 
hardened by a simple low-temperature heat treatment to an ulti- 


ROLL FORM mate tensile of 125,000 to 140,000 psi. 
Beryldur can also be supplied in a mill-hardened temper for use 
when forming requirements are not severe, thus saving the cost of 
heat treating 
The properties of Beryldur are midway between those of high- 
strength and high-conductivity Beryleo alloys. Beryldur there- 
fore has higher tensile strength than brass or bronze, plus 
high fatigue strength, great resistance to wear, and good 
electrical conductivity 
Now for the first time, Beryldur makes available the out- 
standing properties of beryllium copper at lower prices. 
Remember, too, you save not only in initial cost, but 
through reduced fabrication costs and reduction of rejects 
For sample material or engineering help, call or write any 
of the offices listed below 





“ 
copy today 
TOMORROW'S PRODUCTS ARE PLANNED TODAY “ 


WITH BERYLCO BERYLLIUM COPPER 


FURTHER INFORMATION ABOUT BERYLDUR is | Beryyy, 

contained in this 4-page folder. Send for your free 7% ye. la 
me 4, 

* 

/ 

j 
2° 
i 








BERYLCO 


THE BERYLLIUM CORPORATION, Dept. 4-6, READING 9, PENNA. 


New York ¢ Springfield, Mass. ¢ Rochester, N. Y. ¢ Philadelphia ¢ Cleveland ¢ Dayton ¢ Detroit 
Chicago ¢ Minneapolis ¢ San Francisco ¢ Los Angeles 


Warehouse distributors in principal cities 
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Wal Laying... 





RESIDENT Jim Austin was attending a 

Man Power Commission meeting at 

Princeton University last week when in 

the midst of a long discussion about how 

the shortage of engineers could and should 

be met a well-informed college dean spoke 

up and said, “Take a look at the American 

Society for Metals. There's an organization 

that’s doing something about it.’ Jim was 

all puffed up and so was I when he told 

me about it. And so that you too can get 

that pent-up feeling, I am going to outline briefly just what the 
college dean was talking about 

Here is what the ASM is doing about the engineering shortage 
On the University Level: 1) The ASM scholarships, 50 in number 
annually ‘(value $400 each) by the ASM Foundation for Education 
and Research to undergraduates entering in metallurgical depart- 
ments; 2) ASM Teaching Awards, $2000 in cash made annually to 
junior members of metallurgical faculties for excellence of teaching 
performance; 3) The ASM Graduate Fellowship in Metallurgy, an 
opportunity for a recent graduate after one year in industry to 
return to school for advanced study in metallurgy — value $3600; 
4) Supports Acta Metallurgica with an annual appropriation of 
$25,000 to this international scientific publication devoted to the 
theoretical presentation of fundamental metallurgy; 5) Distribute: 
photographs and biographies of graduating metallurgical engineers 
to 8000 firms in the metals industry; 6) Issues a bulletin of summe1 
jobs available in the metals industry and distributes this information 
to all engineering students in all engineering schools; 7) Provides 
Young Engineers’ Day in which all undergraduate engineers within 
150 miles of the convention city are given an all-expense tour to the 
annual National Metal Congress and Exposition. 

What the ASM is Doing on the Secondary School Level: 1) The 
ASM Science Achievement Awards, 100 in number annually ‘(value 
$5000), a nation-wide competition for students in junior and senior 
high schools, public, private and parochial for original projects in 
any science, engineering or metals subject conducted through the 
National Science Teachers’ Association; 2) The ASM Science Teach- 
ing Awards, $250 in cash, made annually to four science teachers in 
public, parochial or private schools for their notable programs in 
science; 3)Teaching the Teachers—the Society organizes and 
presents (in cooperation with state educational officials) summer 
courses in metals technology for instructors in vocational, trade and 
manual training high schools; 4) The science and guidance teachers 
are contacted by an ASM chapter committee to present information 
about a career in engineering and metallurgy 


What the ASM is Doing on the Industrial Level: 1) The American 
Society for Metals exists primarily because of its ability to bring 
important and new information about the production of metals and 
alloys and their fabrication and finishing into the hands of its 
23,000 members. Only 50% of them have been educated as metal- 
lurgists or metallurgical engineers; 2) Chapter Meetings — There 
are 89 chapters in the industrial centers of the U.S. and Canada, 
each of which holds monthly technical meetings; 3) Educational 
Courses — Many chapters organize educational courses (four to six 
sessions) on important metallurgical topics. In the season just past 
67 such courses were presented and attended by 19.374 members and 
nonmembers; 4) Publications— The annual Transactions (funda- 
mental scientific and research contributions), the monthly Metal 
Progress ‘(the engineering magazine of the metals industry), the 
monthly ASM Review of Current Metal Literature (prompt an- 
notated survey of all metallurgical publications), the Metals Hand- 
book ‘(known as the bible of the metals industry), and books on 
metals all make the American Society for Metals by far the largest 
publisher of metallurgical information in the world 

What's that I heard someone say? “Bill's blowing his tuba, Eh?” 
Not quite so— but I'll tell you this. I'd be willing (almost) to blow 
my top if you could find any large number of members who do not 
have a feeling of pride in the part your ASM is playing in the present 
engineering shortage and for the metals industry 

Your contributions and cooperation have made these activities 
possible and to you should go a Certificate of Distinguished Service 


Cordially, 


W. H. Ersenman, Secretary 
AMERICAN SOCIETY FOR METALS 
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Presb 


Removes more types 
of soil from more 
kinds of metals 
than is possible 
with other cleaning 
materials... 


ASK US TO PROVE IT! 


‘‘ Automation’ 
ADAPTABILITY ... 


is the keynote 

in the design 

of this Solventol 
Washer. Semi 
automatic loading 
of 155 mm. HE 
projectiles and 
avtomotic unloading 
are but two 
features of this 
Solvento! designed 


and built wosher 


PY) ale) mr ltiehl Sale), | NO OBLIGATION 


SOLVENTOL CHEMICAL PRODUCTS, INC 


DETROIT 3, MICHIGAN 
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You re known by the 
Company you keep... 





and the impressive list of companies 
who use ACCOLOY Heat and 
Corrosion Resistant Castings 

and keep records of their 

long service life is a very 


convincing reason why ese 
x » 


KAS 
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these castings are ee eee 
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industry". 





weer esis sas | ALLOY ENGINEERING & CASTING CO. 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN °* ILLINOIS 


ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT CASTINGS 
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Only GRAPH-MO steel rates so 
high on wearability and 
machinability and stability 


OUTWEARS OTHER TOOL STEELS 3 TOT too. Constant Pressure Machin- 
MACHINES 30% FASTER 


ability tests show that Graph-Mo 
IS THE MOST STABLE GAGE STEEL MADE 


steel machines 30% faster than 
RAPH-MO?® is the only other tool steels. And Graph-Mo 
tool steel that combines steel has minimum tendency to 
these advantages. | pick up, scuff or gall. Graphite 
The gages or dies you manu- ‘ particles act as a “built-in” lu- 
facture or buy will stay accurate 5 bricant. Tests on Amsler Wear 
longer if they’re made from _Graph-Mo steel master plug gage (above) Machine show Graph-Mo steel 
used in 12-year stability test. Photomicro- 
graph (below) shows free graphite and : 
stability. For example, a typical diamond-hard carbides that give Graph-Mo galling when com pared with 
; : unusual wear resistance. . 
master plug gage made of Graph- ordinary tool steels. 
Mo steel showed less than 10 . ie You can always tell Graph-Mo 
millionths of an inch variation steel by its “graphitic look” —the 
from its original dimensions = tiny, scattered, parallel marks 
after 12 years of use! ; barely visible on a piece of pol- 
A combination of free graphite ished Graph-Mo. Insist on this 


and diamond-hard carbides in built-in “trade-mark” the next 


Graph-Mo steel. Tests prove its has twice the resistance to 


the structure of Graph-Mo steel time you buy gages or tool steel. 
makes it wear longer. Reports = '!0% For more information, write 
from users show that Graph-Mo steel outwears The Timken Roller Bearing Company, Steel and 
other tool steels on an average of 3 to 1. Tube Division, Canton 6, Ohio. Cable address: 


The free graphite particles cut production time, “TIMROSCO”. 


YEARS AHEAD —THROUGH EXPERIENCE AND RESEARCH 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
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Honeywell | 


BAOWN INSTRUMENTS 


| 


. WU these yuility fra 1/0.) —at remarkably low price! 


good readability — indicates temperature con 
tinuously on 4!” scale 


quick control check—red pointer shows con 
trol setting, black pointer indicates tem 
perature. 

control air indication—front-mounted gage 
indicates air pressure to control valve 


variety of control—direct or reverse «ac ting 
pneumatic control, either on-off or propor 
tional type 


selection of ranges — 233 different temperature 
ranges, up to 1000° F., in Fahrenheit and 
Centigrade calibrations, for vapor and mer 
cury bulb systems 

compact design—die cast aluminum case 11” 
x 11”, 4” deep; gasketed black plastic cover 
practically splashproof. Interchangeable 
flush or surface mounting on panels of any 
thickness 

simple setting—external knob for adjusting 
set point 


























need simple, economical 
temperature control? 


Here's the instument: for you 











he Brown Pneumatic Thermometer Controller 
now brings the advantages of automatic tem- 
perature control within the reach of practically 
any process. 


If you’ve an oven, dryer, plating tank or other 
processing equipment operating below 1000° F. 
that you thought couldn’t afford automatic 
control, this instrument may be just what 
you've been looking for. 


Ideal for equipment and processes that do not 
require a record, the controller gives operators 
a continuous indication of temperature, and 
affords excellent precision of pneumatically 
actuated control. The instrument is fast, accu- 
rate, and exceptionally simple in design. It 
takes little space . . . fits readily into existing 
equipment or on panels. 


@ REFERENCE DATA: Write for your copy of Bulletin 6401. 


H 


The instrument, bulb and tubing are one com- 
plete unit. An external knob permits easy set- 
ting of the control point. A choice of ranges, 
control actions and thermal systems are avail- 
able to handle an endless variety of control 
applications. Although economical in price, 
this controller embodies precision construction 
throughout utilizes many of the high- 
quality components found in other Honeywell 
products. And it is backed by Honeywell's 
coast-to-coast service organization. 


Your nearby Honeywell sales engineer will be 
glad to discuss your own plant’s applications for 
this versatile instrument. Call him today .. . 
he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywel 


BROWN INSTRUMENTS 


Fout wn Coutiols 
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MODERN METAL PROCESSING 
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“GREAT ONE-MAN HEAT TREATER,” is the way Greenman 
Steel describes this G-E box furnace with cooling chamber. 
Accurate control of the temperature is provided by the G-E 
control unit shown behind the furnace. 





HIGH-QUALITY WORK is achieved by moving the parts direct 


MANY HEAT-TREATING JOBS can be done with this one G-E 
box furnace. Greenman Steel uses it for copper brazing, silver ly from the furnace to the atmosphere coolir 
brazing, annealing, and hardening. Here, the furnace is em- thereby minimizing oxidation. Here, the parts emerge fror 


} ber 


lg cChami 


ployed to anneal drawn-steel cups. the cooling chamber clean and bright 


























TO PREVENT OXIDATION, metal parts are heat treated 
and cooled in a protective atmosphere produced by this 
G-E atmosphere gas converter. 


Unlimited,” Says Industrial Heat Treater 


Operational savings of G-E furnace 
keep Greenman Steel competitive 


Heat-treating jobbers who demand versatility in a fur 
nace find that General Electric’s box furnace with water 
jacketed cooling chamber is ideal for general-purpose 
work. 

Says Lloyd G. Field, General Manager of Greenman 
Steel Treating Corp., Worcester, Mass. : 

‘*As a heat-treating jobber, we have to produce high 
quality work at lower cost than equipment manufac 
turers can do it themselves. We must be ready to handle 
all sorts of heat-treating jobs, yet our investment in 
equipment must be kept to a minimum. We find that 
our G-E box furnace satisfies all these requirements. It 
enables us to stay competitive because it produces 


superior work at low cost. It minimizes our equipment 
costs because its versatility is practically unlimited. We 
use it to copper braze, silver braze, anneal, and harden.” 


MANY SAVINGS, HIGH-QUALITY WORK 

Mr. Field pointed out that operating costs are low be 
cause the insulating qualities of the furnace minimize 
heat loss. Automatic control of the heat assures him of 
high-quality work. 


FOR APPLICATION HELP 

Whether your operation demands a small-capacity, 
all-purpose furnace, or one that is engineered for a 
particular process and intended for high-production 
rates at the lowest possible cost, General Electric can 
satisfy your requirements. For application help from a 
G-E Heating Specialist, contact your G-E Apparatus 
Sales Office. 


GENERAL @® ELECTRIC 


WRITE NOW FOR THESE MODERN METAL 


@ Furnace and Induction Brazing, GEA-5889 
© Heat-treating Aluminum, GEA-5912 


@ Annealing Malleable tron, GEA-5797 


PROCESSING BULLETINS 


® Forging with Induction Heat, GEA-5983 


Address: General Electric Co., Section 720-129, Schenectady 5, N. Y 
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Inset shows furnace moved 
onto Riehle bracket from 
multiple furnace spider. 





FOR HIGH TEMPERATURE 


TESTI NIG In many indus- 


tries today, the search is for materials that 
will stand up under higher and higher tem- 
peratures, 

If you want to predetermine the reaction of 
metal alloys during forming operations and 
in use at high temperatures, Riehle Screw 
Power Testing Machines will furnish the an- 
swers. Electric furnaces that heat specimens 
up to 1750” F. can be utilized. And, as many 
as © furnaces can be installed on one Richle 
machine to speed up production testing. 


RIEHLE 


TESTING MACHINES 


Division of American Machine and Metals, Inc. 
East Moline, Illinois 


“One test is worth a thousand expert opinions” 
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This Riehle screw power machine assures pos- 
itive control of testing speed. It is equipped 
with a self-compensating drive so the rate of 
strain can be maintained regardless of in- 
creases in load. 


Riehle’s 5-scale range feature ideally provides 
the coverage mecessary to test specimens at 
elevated temperatures. Simplified specimen 
holders facilitate quick connection of the spec- 
imen after it is brought up to temperature. 


For further details about high temperature 
testing with Riehle machines, mail coupon. 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-754, East Moline, Illinois 

Please send details on Riehle machines for 
temperature testing 

































Precision Casting 

Alexander Saunders & Co. have an- 
nounced a new wax injection press for 
pattern reproduction. The press has 
a pressure range to 1000 psi. and ca- 
pacity up to 138 cu. in. Wax tempera- 


















































ture indicating and control devices 
located in the base. Combustion tubes 
of different diameters up to 2 in. can 
be used by changing inserts at the 
furnace ends. 

For further information circle No. 2 
on literature request card on p. 32-B. 


Powder Metallurgy 

The Oilpower Engineering Co. an- 
nounces a new hydraulic press for 
compacting powdered metals. The 
press has a 1250-ton, double acting 
top ram, and a 900 ton double acting 
side ram. It can be used both for split 


















































































ture is kept under separate thermo 
static controls at the nozzle, in the 
pressure cylinder, and in the reserve 
cylinder holding tank. It uses a hy- 
draulic pressure ram to force wax 
from a movable cylinder through an 
injection nozzle at controlled tempera- 
tures and pressure. 

For further information circle No. 1 
on literature request card on p. 32-B. 


Combustion Tube Furnace 
Hevi Duty Electric Co. has an- 
nounced a new high temperature com- 
bustion tube furnace which operates at 
temperatures up to 2600° F., high 
enough for combustion of high alloy 
and heat resisting steels. The furnace 
is a complete self-contained compact 
unit with all the necessary tempera- 
















die pressing of powders and titanium 
and zirconium sponge. 

Of all welded steel construction, the 
press is of compact, self-contained de- 
sign, requiring a floor area for both 
press and hydraulic power unit of only 
8 x 10 ft. The press is 22 ft. high 
For further information circle No. 3 
on literature request card on p. 32-B. 


Alkaline Cleaner 

Oakite Products, Inc., has an 
nounced a new alkaline-type cleane: 
for use in pressure-spray washing 
machines without objectionable foam 
ing. Composition No. 161, is a white, 
free-flowing, powdered material that 
is soluble in water, free rinsing, and 
inhibited to provide safety to alumi 
num. Due to its anti-foam properties, 
this material is also effective in the 
new,  high-pressure-spray washing 
machines for cleaning steel and other 
metals. It is used in pressure washing 
machines in the concentration of % 
to 2 oz. per gal., at temperatures 
ranging from 160 to 185° F. 
For further information circle No. 4 
on literature request card on p. 32-B. 





Microscope 

E. Leitz has announced a new in 
clined binocular microscope combining 
coarse and fine focusing adjustments 
in one manipulating knob. The high 
power 4 mm. and oil immersion 2 mm. 
lenses supplied with this microscope 
have built-in protection devices to pre 
vent damage to the front lenses. The 
microscope arm is a one-piece alumi 
num casting. The binocular body is 
fitted with a quick change bayonet 
mount and may be positioned to face 
forward or backward. An _ inclined 
monocular tube is also available. 


For further information circle No. 5 
on literature request card on p. 32-B, 


Environmental Cabinets 

New environmental test cabinets re 
cently introduced by Murphy & Miller 
feature a sloping front design. The 
new design permits faster loading, 
unloading and easier viewing, and is 
said to maintain more uniform test 
conditions. The cabinets are ready to 





plug into any 110 v. connection and 
are available to meet low temperature, 
humidity, fungus or high temperature 
requirements. The models illustrated 
, cu, fit 
For further information circle No. 6 
on literature request card on p. 32-B. 


have stainless test spaces of 


Recorder 

A recording system capable of 
continuously logging conditions found 
in multiples of 48 to 144 points, at 
the rate of one point every 1 to 5 sec. 
has been developed by Minneapolis 
Honeywell Regulator Co. The new 
multipoint logging system was de 
signed for testing and research appli- 
cations where a record of all measure 
ments is required. It has a single set 


point and includes a strip chart re 
cording instrument, a junction box 
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can be done with — 
Sun Qdenching Oils 








«ee AT MUCH LOWER COST 


For 95°), of your quenching jobs, you don’t have to use expensive compounded 
oils. Sun’s low-cost quenching oils will give the same uniform results, assure fast 
. . . . ry 
and thorough quenching, help increase production and lower maintenance. The 
booklet “Sun Quenching Oils” tells the complete story. For your copy, call your 


nearest Sun office or write SUN O1L Company, Philadelphia 3, Pa., Dept. MP 7. 


INDUSTRIAL PRODUCTS DEPARTMENT 
SUN OIL COMPANY UNOC 


PHILADELPHIA 3, PA. ¢ SUN OIL COMPANY LTD., TORONTO & MONTREAL 











(functioning as the control center for to 20 mm. of dry air. Operation is tion at high temperatures. Hardness 
the system) and up to three switch based on the viscous interaction of the can be varied from 150 to 550 Vickers. 
units. The multipoint logger may be studied gas between a driven rotor Also, the nickel can be deposited with 
stopped on any one point and utilized and an armature which deflects the either compressive or tensile stress. 
as an indicator, recording that point pointer against a spring force. The For further information circle No. 9 
continuously. There are two types of 3600-rpm. synchronous motor re on literature request card on p. 32-B. 
systems—a 24-v. d-c. system and a quires 120 volts at 60 cycles. The in- . . . . 
115-v., 60-cycle a-c. system. Special strument weighs 5 lb. and measures Straightening Machine 
arrangements are available for som¢ 1-5/16 in. square by 5-7/8 in. deep for Sutton Engineering Co. has an 
double range calibration. panel mounting. nounced a new model in its line of 
For further information circle No. 7 For further information circle No. 8 guideless seven roll straightening ma 
on literature request card on p. 32-B. on literature request ecard on p. 32-B. chines. The new machine is designed 
for end-to-end straightening of 14 in 
Vacuum Gage Electroplating Nickel to 3% in. o.d. tubes and 1% to 3 in 


A new molecular vacuum gage de- A process for applying nickel di diameter bars at high production 





signed to measure pressures without rectly to aluminum, to afford an ero 
external detectors has been an- sion-resistant surface and strengthen 
nounced by General Electric Co. The the aluminum, has been announced by 
; the Bart Laboratories Co. The new 
electroplating process eliminates the 


i need for an intermediate bonding ma 


terial. Even very thin deposits of 


' nickel over the aluminum provide an 
ae ; erosion, pitting, gouging and corro 
2 , sion resistant surface. When deposited 
to both surfaces of aluminum sheets, speeds. A cluster-roll arrangement i 
the nickel deposit strengthens the employed in the pass line. A three roll 
aluminum without materially increas cluster, consisting of a large driven 


ing the weight. Intricate designs and roll with two opposed idler rolls, is 
shapes, such as castings, can be given located at the entry end of the ma 
instrument is available in two types, protection of both interior and ex chine and another identical cluster is 
one calibrated directly for dry air and terior surfaces. The nickel-clad alu at the delivery end. In the clusters, 
the other for individual calibration; minum can be sheared, bent or fabri rolls are positioned at approximately 
both covering the range of % micron cated, and it is not subject to separa 120° to each other. Between the 


Only RICHARDS | THE CONTROL OF QUALITY 


| 
IN MELTING AND CASTING | 
thermocou ple heads | THE CONTROL OF QUALITY IN THE PRODUCTION 


| OF WROUGHT NON-FERROUS METALS AND 
GIVE YOU ALL THESE | ALLOYS—I. 


FEATURES... 


Cloth. 4to. 88 pages, with 14 plates and numerous illustrations 
Thermocouple inspected in 20 sec- 


| in the text. Pri , ost b 
onds WITHOUT DISCONNECTING in the text. Price $2.50, post free 
LEADS . . . saves time .. . no tools 
required . .. just unscrew cover CONTENTS | 
and withdraw element mini- | . 
mum interruption of production } The Principles of Technical Control in Metallurgical Manufacture 


no possibility of wrong re-con- By A. R. E. Singer, B.Se., Ph.D. (University of Birmingham) 
nection. 














1 





Thermocouple easily removed, then | The Control of Quality in the Production of Brass Ingots and 
replaced if necessary merely by Billets. 
loosening only two screws By Maurice Cook, D.Se., Ph.D., F.1.M. and C. L. M. Cowley, 8.Se., 


Screw cover desien ‘elit. tintin A.L.M. (Imperial Chemical Industries, Lid., Metals Division) 


passing through cover so it can 2 
. . nae The Centro! of Quality in Melting and Casting Copper and High- 

not be dropped or misplaced Cenductivity Cepper-Base Alloys 

Ductile metal parts are rust and By J. Sykes, F.1.M. (Enfield Copper Refining Co., Led.) 

corrosion resisting 

| 

22158 CONNECTOR (included in The Contre! ef Quality in the Casting of Zine and Zine Alley 


above head, or used separately) Rolling Slabs and Extrusion Billets. ! 


gKCay Thermocouple wires enter connec- By C. W. Roberts, B.Se., A.1.M. and B. Walters, M.A. (Imperial Smelting 
7 aie tor without bending saves time Corporation, Led.) | 
* 4 . . permits use of small, economi- | 

‘ cal protecting tubes The Control of Quality in the Melting and Casting of Alaminum | 


s\e Alloys for Working. 
ff "2 Designed for severe service | ectiuns a 7 9 1 1 (T 
“69 Co ceramic body withstands high tem- By R. T. Staples and H. J. Hurst . 1, Aluminum, Lid.) I 
re res de tely. 
«» peratures indefinitely The Centrol of Quality in Melting and Casting Magnesium Alleys 
Low cost. When ordering, specify | for Hot Working 


2215, > “4 o rotect- » « \ 
= #2150 head and thread on prote By R. G. Wilkinson, B.Sc. and S. B. Hirst, B.Se.Tech. (Magnesium 
, ing tube | 


Elektron, Lid.) 


ARKLAY = RicHARDS Co. ‘ne. i General Discussion and Indexes. 


74 WINCHESTER ST.. NEWTON HIGHLANDS 61, MASS | INSTITUTE OF METALS 
© Thermocouples ® Thermocouple Lead Wire ® Protecting Tubes . . . 
® Thermocouple Wire ® Insulators © Pyrometers 4 Grosvenor Gardens, bd London, S.W.1 | 
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clusters is an unopposed pressure roll. 


Featured in the new straightener are 
automatic roll angle adjustments, 


with coordinated angling of all rolls, 
and power operated adjusting screws. 
Change-over for sizes usually takes 
less than 2 min. 


For further information circle No. 10 
on literature request card on p. 32-B. 


Welding Positioner 

A new bench-type welding positioner 
has been announced by the American 
Equipment Co. The positioner is engi- 
neered for down- 
hand welding. It 
is designed for 
full - range move- 
ment of work, 
with speed ad- 
justment under 
full control of the 
welder. Equipped 7 


7 





with a gear-type 
fluid drive motor, it operates on 110 v., 
a-c., 60 cycle. A wide range of speeds 
is provided with extra low “creeping 
speed” for certain welding operations. 
Work up to 100 lb. or more may be 
handled. Table tilts to 135° vertical, 
tilting being done either by hand or 
by power. 

For further information circle No. 11 
on literature request card on p. 32-B. 





Electropolisher 
Electro-Glo Co. 


operates at room 
process, involving the 
Glo 200, is designed to level the sur- 
face, remove high 
and produce finishes 
mirror-bright on 


temperature. The 


spots and burrs, 


copper and copper 
alloys. It will polish intricate shapes, 
increase corrosion resistance, and aid 
adhesion of plating. 
method of machining metal parts elec- 





has announced a 
new electropolishing concentrate which 





use of Electro 


from satin to 


It provides a 





trochemically to tolerances of 0.0001 ing desk and a floor model storage 
in. The concentrate uses standard cabinet are also available. 
plating tanks and equipment. Metal is For further information circle No. 13 


removed rather than deposited. 


For further information circle No. 12 
on literature request card on p. 32-B. 


Polishing Desk 
A new cabinet-type 

with companion storage cabinets for 

the production of metallurgical speci 


mens has been 


plumbing and wiring. 
net with recessed light on supporting 
panel for installation above the polish 





announced by Buehler, 
Ltd. The two-unit polishing table has 
Formica top, and is approximately 60 
in. long by 27 in. deep, and 30 in. high 
to table top. It 
spouts, a large wash bow! with drain, 


includes two swing 


on literature request card on p. 32-B. 


Tin Content Indicator 

The redesigned Wheelco tin content 
indicator offers increased durability 
due to improvements in both the sens- 
polishing table 


A storage cabi- 







































WRITE FOR 
MLUSTRATED 
CATALOG 52P 


Metal Conveyor nats 


POWDER METALLURGY 
BRIGHT ANNEALING 
COPPER BRAZING 





au 





Ashworth Process 
Belts are job engi- 
neered for the specific 
end use for applica- 
tions from subzero to 
2100°F. 


ASHWORTH BROS., INC. 


METAL PRODUCTS DIV. « WORCESTER, MASS. 


Sales Engineers Bullalo + Chattanooga + Chicago « Cleveland + Detroit + Kansas City 
—- Los Angeles + New York + Philadelphio « Pittburgh + Rochester 
Seatile « St Poul « ~~ Canedian Rep., PECKOVER’S LID. « Toronto - Montreal 












METAL PROGRESS, PAGE 16 











veo 
SuB-ZERO 
CHESTS 


Temperatures 
as low as 
° 
-95; 

BELOW ZERO 
oe 
For Shrink Fits 
Seasoning Gauges 
and Precision Tools 
For Laboratory Tests 


REVCO RIVET COOLER Shown with 90 Rivet canisters... Model RSZ-503 
Special Equipment Added To Meet Customer Requirements, if desired 














cu. | TEMP. | caraciry OUTSIDE | . 
MODEL Putt DOWN | Inside (" Dimen-(" errs ~ 
FT. roam |LIWIHIt Twa] 
ee eS 





River COOLER 
: - | Ve HP 
RSZ-503 5.0 30; |30| 16 18 | 42 28 41 4 
-—_——_——_ $$ $$$ 
SUB-ZERO 


‘SZH-153 1.3 —95, |23 12% 9/42 28 43) %&% 











SUB-ZERO 


57-453 6.5 | —85; |47|16 15|60 28 43| %& Y% 




















*Fan Cooled; Refrigerant F22 and F12; Current 110/60 +» WRITE TO: 


REVCO INC.... DEERFIELD, MICH, 

















































Most for your electrode dollar... 


NATIONAL CARBON COMPANY’S 
Carbon and Graphite 
Electric Furnace Electrodes 


Specify National Carbon’s Furnace Electrodes with efficient power utilization, better joints and joining 
complete confidence on two counts: procedure, and attractive electrode SAVINES. 


@ PRODUCT QUALITY, recognized to be the finest in 


Take advantage of this specialized knowledge. Write 
the industry. 


or call National Carbon Company for complete details 
@ ORGANIZED TECHNICAL SERVICE, functioning di- 


. FOR ELECTRODES AND ELECTRODE SERVICE.. 
rectly through our national sales force. 


Rely on NATIONAL CARBON COMPANY! 
Here are the two basic ingredients of electrode econ- The term ‘Nat 
omy — proved superiority of product and technical- sii 


service organized specifically to help customers put this NATIONAL CARBON COMPANY 
quality to work for greatest electrode economy. Re- A Division of Union Carbide and Carbon Corporation 

" 30 East 42nd Street, New York 17,4. ¥. 
peatedly this service to the industry has recommended 


: hiatrict Sales Off Atlanta, Chieayo, D Kar 
details of electrode operating practice, resulting in more seborete, Ben fa . 


I 


NATIONAL CARBOR PRODUCTS — 


BLAST FURNACE LININGS + BRICK + CINDER NOTCH LINERS + CINDER NOTCH PLUGS + SKIMMER 
BLOCKS + SPLASH PLATES + RUNOUT TROUGH LINERS + MOLD PLUGS + TANK HEATERS 
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HIGH ALLOY STEEL is being poured here from a 1000-lb. high-frequency induction 
furnace. It is lined with a Norton MAGNORITE* refractory cement which lasts 
16% longer than the cement previously used. 























































































CLOSE-UP OF THE SAME FURNACE, taken 
immediately after metal has been poured, 





shows how effectively this engineered-to- 
the-job Norton MAGNORITE cement 


resists mechanical and chemical attack. 
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How much 


more steel 
will you melt 

per lining 

with Norton 


ENGINEERED R PRESCRIBED 


MAGNORITE cements? 


It's easy to find out how much longer Norton 
MAGNORITE refractory cement will last 
in your high-frequency furnaces than your 
present linings. Just call on the 40-year 
problem-solving experience of Norton Ref rac- 
tory Research which gave this satisfied cus- 
tomer (name on request) 16% longer lasting 


lining. 


Whether you melt straight steel or heat- 
resistant compositions, you'll get a Norton 
MAGNORITE cement that’s Engineered R 
Prescribed to fit your exact requirements. It 
will withstand temperatures up to 3250 F. if 
need be. It will have a high-rammed density 
that offers great resistance to metal penetra- 
tion, erosion and chemical attack . . . and 
freedom from shrinkage cracks that often 
lead to furnace failure. Why not run a test 
on one of your furnaces soon? 


Whatever your metal-melting problem, you 
can depend on Norton Research to help you. 
Working with MAGNORITE*, ALUN- 
DUM*, CRYSTOLON* and FUSED STA- 
BILIZED ZIRCONIA cements and special 
shapes, Norton engineers are sure to come up 
with the right answer for you. 


For full details about Norton R Refractories, 


contact your nearby NORTON refractories 
engineer, or write to NORTON COMPANY, 
326 New Bond Street, Worcester 6, Mass. 
Canadian Representative: A. P. Green Fire 
Brick Co., Ltd., Toronto, Ontario. 


*Trade-Marks Reg U.S. Pat. Off. and Foreign Countries 





REFRACTORIES 


ENGINEERED | 


Q@llaking better products... to make other products better 
NORTON COMPANY, WORCESTER 6, MASSACHUSETTS 


PRESCRIBED 



































ing unit head and the meter move- 
ment. This portable, direct reading 
indicator is used for quick analysis 
of the lead and tin contents in solder 
for process control. The tin content 
indicator will show the correct per- 
centage of tin in the sample by meas- 
uring the difference in temperature 
at the transformation point of the 
lead standard and the lead-tin sample. 
For further information circle No. 14 
on literature request card on p. 32-B. 


Tumbling Barrel 

Lord Chemical Corp. has announced 
a new bench tumbling barrel. Built 
entirely of heavy gage steel, it oc- 
cupies only 14 x 24 in. of bench space. 
The plastic lined, steel drum rotates 
on double shafts mounted on heavy 
channels carried by self-aligning ball 


bearings. This model is powered by 


a ™% hp. motor which operates on 110 
volts at 60 cycles. It offers two differ- 
ent speed controls, one of approxi- 
mately 19, 35 and 58 r.p.m., the other 
with speed variation from 0 to 65 
r.p.m. 


For further information circle No, 15 
on literature request card on p. 32-B. 


Test Chamber 

A new industrial test chamber 
which can drop temperatures from 

600 to 100° F in less than 2 hr. 
is now being produced by Conrad, Inc. 
The chamber was designed to simulate 
the temperature range of high-alti- 
tude sonic flight. The unit can also be 
used for treatment or tempering of 
tool or special steels. Temperatures 


can be held within 2° of any set point 


and can be increased or decreased 
within any range, and at any desired 
rate through automatic, recording 
controls. Top opening is provided for 
observation of parts or mechanisms 
under test. Powered devices can be 
operated in the chest, with controls 
and wires passing through front and 
side access ports. The fast drawdown 
of temperature is produced by the 
forced venting of the heated air, and 
at 200 F the cooling unit takes 
over. 

For further information circle No. 16 
on literature request card on p. 32-B. 


Plating Conveyor 
A Hanson-Van Winkle 
elevator-type plating 


Munning 
conveyor at 
Hamilton Standard Div. is zinc-plating 
big steel propeller blades 30 to 50% 
faster than a former manual handling 
system. Unusual feature of the oper 
ation is the automatic transfer of 
blades from and back to the plating 
conveyor. The transfer conveyor only 
picks up those blades that are sup- 
posed to be recycled. Other blades re 
main on the plating conveyor and are 
delivered to the unloading station. 
Controlling transfer to the monorail 
is a mechanical counter located on top 
of the blade-holding fixture. It en 
gages a limit switch on the transfer 
conveyor. The counter is set for the 


proper number of recycles prior to 


loading the blade on the conveyor. 
Blades are recycled up to six times 
Plating thickness and number of re 
cycles are determined after test bal 
ancing the blades. The conveyor has 
a lift of 10% ft. 

For further information circle No. 17 
on literature request card on p. 32-B. 


Induction Heating 

A new design in high frequency in 
duction heating equipment has been 
announced by Electric Arc, Inc. The 
units combine both current generator 
and work table in a single cabinet. 


Rated outputs are 10 or 20 kw. The 


top of the generator provides a 33 x 
100 in. work table which facilitates 
set-up and operation, making it con 
venient for production-line operation 


For further information circle No. 18 
on literature request card on p. 32-B. 


Zine and Tin Gage 

A new gage designed for production 
line measurement of the amount of tin 
and zine plated on steel, either ele 
trolytically or by the hot dip process, 
has been Industrial 
Nucleonics Corp. The new model is a 


announced by 


noncontacting, beta reflection 


gage 
providing control of top and bottom 
plate thickness and enabling diffe: 
ential plating. The basic components 
of the gage are a source of radiation, 
a radiation detector, and a recording 
console, 
The unit 

the strip on 


traverses the width of 
precision-ground stee 
tubes. Designed for heavy industrial 
use, these twin steel support tubes are 
capable of spanning sheets up to 160 
in. wide. To permit readings of edge 
to-edge coating variations, an elec 
trical servo system positions the mea 
uring head across the strip 
For further information circle No. 19 
on literature request card on p. 32-B. 


Welding Torches 


Air Reduction has announced two 


new welding torches. One is espe- 
cially designed for light welding and 
brazing operations as on automobile 
kitchen 


furniture and other 


bodies, airplane’ fuselages, 
utensils, metal 
light fabrication and repair applica 
tions. It is 5% in. long and weighs 


6 oz. A cutting attachment is avail- 
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LEITZ INSTRUMENTS 





FOR THE 


INDUSTRIAL LABORATORY 







1. Leitz Heating Microscope. 
For determining the softening 
and melting behavior of fuel 

ashes, slags, glazes, enamels 
and ceramics 















2. Leitz High Power 
Binocular Magnifier. With 
magnifications up to 30x, 
interchangeable stands for 
observation in incident and 
transmitted light 






3. Leitz Panphot Metallographic 
Microscope. For research, 
photomicrography, 
photomacrography and for 
drawing and projecting 
micro-images 










| 

| 

| 

! 

! 

! 

! 

| 

; &. Leitz Metallux 
Metallurgical Microscope. 
) With exclusive quintuple 
nosepiece for magnifications 
| 

' 

! 

! 

| 

! 

! 

! 

| 

! 

! 

' 

! 

| 

I 






of 50x, 100x, 200x, 500x 
and 1000x 


























&. Leirz, inc. 


Distributor of the « 
of Ernet Leitz, 













orld famous products 


Wettlar, Germany 


microscopes 
binoculars 
Leica cameras 
lenses 











&. Leitz, tinc., Dept. MP 














468 Fourth Avenue, New York 16, N.Y 





Please send me your brochure on the 





Name 
Company 
Street 


State 





i City 
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Leseaece= 


BUZZER HIGH SPEED Gos FURNACES 


2400’ F. 
attained quickly with 
“BUZZER" High Speed 
Full Muffle Furnaces. 


Designed primarily for high 
carbon ond alloy steels, 





NO BLOWER or POWER NECESSARY 
... just connect to gas supply 


“BUZZER" Atmospheric 

Pot Hardening Furnaces 

assure even heat up to 
1650° F. 


Used for Salt, Cyanide and Lead 
Hardening. Also adapted for 
Melting Aluminum, 





Send for the complete 
"BUZZER" catalog today. 


CHARLES A. HONES, inc. 


123 South Grand Avenue, Baldwin. L. L, N.Y. 

















~9 A CUSTOMER SPEAKS: 


NZyGH C"Without our Optical Dividing Head, we would not even 

\ A, attempt to make the critical indexing work nowadays 
3 necessary for things that fly, or mechanism that must 
~ 


control angular motions to hit targets at a distance, to 

measure degrees, minutes and seconds, to eliminate 
angular velocity errors and vibrations in quick running mech- 
anisms, etc." 











The LEITZ Optical Dividing Head is the last 
word in indexing precision. Its construction 
is diferent from other optical and mechani- 
cal dividing heads on the mar- 
ket. A NEW DOUBLE SPHERI- 
CAL BALL BEARING, 
DOUBLE READING IN 
THE SAME EYEPIECE 180 
APART, motor drive at 
tachment and other fee 
tures make the LEITZ an 
important aid required in 
any shop where precision 
is demanded. 


The 2 spherical ends of the spindle are carried 
in hardened steel cups with several hundred small 
precision balls held in place by ball cages in such 
@ way that each ball creates its own path. There 
is no play, either radially or axially, no oil film, 
no wear and @ very large load capacity. 






Write for Descriptive Bulletin 


Geo. SCHERR OPTICAL TOOLS, Inc. 


200 PG LAFAYETTE STREET * NEW YORK 12, N.Y. 
















































































abie. The other unit is intended pri- 
marily for oxyacetylene 
welding of lead products. 


burning or 
This torch 
and is 2% 


weighs 5 oz. n. long. 


For further information circle No. 20 
on literature request card on p. 32-B 


Barrel Finishing 

foto Finish has announced a new 
barrel finishing machine in which fix- 
tured parts are oscillated through an 
abrasive media that remains relative- 
ly still. 
for finishing parts which are too large 


This machine is best suited 


to be handled by the conventional cyl- 
It has been used 
for finishing stampings, 


inder type machines. 
forgings and 
castings such as jet engine compres- 
and flame de- 
finishes have 


sor and turbine blades, 
flectors. Fine 
tained on zine die castings. Parts must 
be rigidly fixtured during the finish- 
ing operation. 


been ob- 


For this reason the de- 
sign of the parts should be such that 


they can adequately resist the rather 
heavy pressures created by the action 
of forcing the fixtured parts through 
the processing media. The machine is 
adaptable to either dry or wet proc- 
essing, depending on the kind of part 
and the result to be produced. 


For further information circle No. 21 
on literature request card on p. 32-B. 


Steel Powder 

Vanadium-Alloys Steel Co. has an- 
nounced the development of a new pre- 
alloyed steel powder for high strength 
powder metallurgy applications. Im- 
provements in the 4650-A steel powder 
will enable fabricators to produce high 
strength parts by briquetting and sin- 
tering without resorting to secondary 
treatments any more elaborate than 
simple hardening. Improvement in the 
toughness and hardenability of 4650-A 
powder parts will permit the manu- 
facture of gears and other high 
strength, high production parts. Pro- 
duced to A.I.S.I. 4650 chemistry, 
VASCO 4650-A has excellent green 
strength and is moldable at low pres- 
sures to yield dense, strong compacts. 


It is basically a nickel, 
available 


molybdenum 


composition, with various 
carbon contents. 
For further information circle No. 22 


on literature request card on p. 32-B. 


Portable Comparator 

For calibrating extensometers, com 
pressometers, dial gages and similar 
instruments Baldwin-Lima-Hamilton 


Corp. has announced a new exten 


instrument 
portable. It 
linkaves as a 


someter comparator. The 
is of small size and is 
eliminates mechanical 
source of error by use of a miniature 


variable transformer and null balances 


indicator to apply small displacements 
with an 


0.00001 in. for 


to extensometers accuracy 
calibration. 
lengths 


up to 10 in. and ranges up to 0,250 in, 


within 
Extensometers having gage 
can be checked by means of this com- 


parator. Standard equipment includes 


adapters for extensometers used on 


0.252-in., 0.357-in. and 0.505-in. diam 
eter rounds. 
For further information circle No. 23 


on literature request card on p. 32-B. 


Vonferrous Finishes 

Allied Research Products, Inc., has 
announced the development of five 
new protective coatings for zine, 


silver, copper and aluminum. Two 


Iridites provide bright, decorative and 
protective finishes directly on zine die 
castings. The resultant finish can be 


used as a preparation for electro 
plated finishes by chemically 


ing the 


remoy 
protective film. Another finish 
provides good tarnish resistance for 
industrial silver plate without sub 
stantially changing the appearance of 
the silver 4 fourth new process pro 
vides yvreater corrosion resistance and 
paint adherence for copper and copper 
alloy surfaces. The basic coating re 
sembles the base metal in appearance 
and can be dyed yellow, red, orange 
or green for color 


poses The 


identification pur 
fifth process is for alu 








WEBBER 


Environmental 
Test Chamber 








Prototype unit designed 
a large 
chamber is 46” square 
to +250° F. 20 9) 
of 45° ] to 18S ff 
pheric pressure im ten 
change from 50° I 


electrical elements 


and built to rigid specifications of 
electrical components manufacturer 


Inside test 


Temperature range from 100° I 
umidity range 

Assimulates 100,000 ft 
minutes 
to 
cycle uses hermetically sealed moisture proof 


at temperatures 
atmos 
Completes temperature 
100° F. in 45 minutes. Heat 
low density 


Chamber is equipped with electrical 


terminals for connection to components inside the cham- 


er xclusive feature permits accurate 
ture and humidity control 
Insulated with moisture 


altitude, tempera- 


proof, light weight Foamglas 


Full opening, free swinging door with multipaned tem 


pered glass hermetically 
peratures and pressures 


bonded to stand maximum tem- 


Other models are available from 1 cubic foot, tempera- 
tures to ~200 F. and altitudes to $00,000 ft 

WEBBER designs, engineers and constructs units to meet 
special and all requirements 








Write for more complete information. 


re A 


WEBBER 


On 


VENUE 


SARS FAS OR 


ezer f vision 
COMPANY INC 


NDIANAPO 
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Wheelco Controllers 


New Model 400 
Streamlined and compact 

with five forms of control and 
many advance-designed features 


Available this summer 


> 





Model 252P 


For applications requiring flush- 


mounting of multiple-controller units. 


... today’s finest instruments, 


for low-cost temperature control! 


Choose Capacitrols for the right control system on your furnaces, 
ovens, and kilns. These fine instruments give you important 
extra values — more flexible control .. . easier servicing ... and 
lower maintenance costs along with “top” accuracy. You get 
dependable, uniform heating because Wheelco’s “no contact” prin- 
ciple speeds control action. Simplified unit construction eliminates 
maintenance, and keeps your equipment operating longer. And 
you can select the right control system — two-position, time- 
proportioning, multi-position, portional positioning or output- 
proportioning control — for best over-all results. Write for 


Bulletins -5345 and b-0314 
WHEELCO INSTRUMENTS DIVISION 


BARBER-COLMAN COMPANY, DEPT. G, 1518 ROCK ST., ROCKFORD, ILLINOIS 
Industrial Instruments * Automatic Controls « Air Distribution Products * Aircraft Controls * Small Motors 


Overdoors and Operators * Molded Products * Metal Cutting Tools * Machine [fools * Textile Machinery 
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minum. Finish can range from yellow 
iridescent to a uniform deep brown or 
can be bleached to produce a clear 
film. The five new products are applied 
by a simple chemical dip. 

For further information circle No. 24 
on literature request card on p. 32-B. 


Torsion Testing 

Machines for twist-testing parts, 
assemblies, sample stock and wire 
have been announced by Riehle Test 


ing Machines Div. These torsion test 
ers can apply and weigh load in either 
direction of rotation. Indicating unit 
follows dimensional changes of spe 
cimen as load is applied, so no addi 
tional forces are set up during test 
Five scale ranges assure precise load 
reading. Capacities range from 4000 
to 300,000 in. Ib 


For further information circle No. 25 
on literature request card on p. 32-B. 


Brazing Washers 

Washers edgewound from flat wire 
in the notch coil form have been an 
nounced by Lucas-Milhaupt Engineer 
ing Co. They are produced without 
dies from standard wire stocks. Flat 
alloy wire is wound on edge and then 
cut partially through. The coil of 
washers is then shipped intact. When 
used, each washer is snapped from the 


coil and preplaced on work as needed. 
Unused washers remain in coil form. 
Edgewound washers are suitable for 
use with induction, gas-air, furnace, 
or any of the commonly used heating 
methods. They are available in diam- 
eters up to 4 in., in thicknesses from 
0.010 upward and in Easy Flo and Sil 
fos as well as copper, bronze and the 
more commonly used alloys. 


For further information circle No, 26 
on literature request card on p. 32-B. 

















WHAT’S NEW 


IN MANUFACTURERS’ LITERATURE 


10. Abrasive Wheels 

Operating suggestions and recommended 
wheels for finishing stainless. Manhattan 
Rubber Div 


#1. Alloy Chain 

Bulletin No. 2 gives engineering data 
on three types of cast alloy chain—35% 
Ni, 15% Cr; 25% Cr, 12% Ni; and 65% Ni, 
15% Cr. Standard Alloy 


42. Alloy Hearth 
Bulletin 112 on cast Ni-Cr hearth for 
heat treating furnaces. Fahralloy 


43. Alloy Specifications 

Charts of chemistry, properties, speci- 
fication designations of copper and alumi 
num alloys and babbitts. Lavin 


H. Alloy Steel 

Data book on the selection of the proper 
alloy steel grades for each manufacturer's 
needs. Wheelock, Lovejoy 


1S. Alloy Steel 

3.-vage book on abrasion resisting steel 
Properties, fabricating characteristics, 
uses. U. S. Steel 


16. Alloy Steel 

16-page book on Type 9115 low-alloy 
high-strength steel. Properties, fabrica- 
tion, welding. Great Lakes Steel 


17. Aluminum Coating 

Article on hot dip coating of ferrous 
metals with aluminum and aluminum 
alloys from “Tips and Trends”. Ajax 
Electric 


18. Aluminum Die Castings 
Bulletin on design and manufacture of 
aluminum die castings. Hoover Co. 


19. Aluminum Extrusions 
28-page book on extruded aluminum 
products. Design, tolerances, applications 
Revere 


50. Aluminum Forgings 

Booklet describes facilities for alumi- 
num extrusion and forging. Bridgeport 
Brass 


51. Aluminum Heat Treating 

8-page Bulletin 5912 on solution heat 
treating, annealing, stabilizing and aging 
of aluminum. General Electric 


52. Ammonia Dissociators 

Bulletin on dissociating process gives 
advantages of ammonia as controlled at- 
mosphere. Sargeant & Wilbur 


53. Anodizing 
Data on aluminum racks with copper 
hooks for anodizing National Rack 


54. Architectural Aluminum 

16-page booklet on aluminum products 
for architectural use, aluminum struc- 
tural shapes, embossed finishes on alumi- 
num. Reynolds Metals 


55. Atmosphere Furnaces 

Information on mechanized batch-type 
atmosphere furnaces for gas cyaniding, 
gas carburizing, clean hardening or car- 
bon restoration. Dow Furnace 


06. Atmosphere Furnace 
Bulletin on controlled atmosphere fur 
nace. Industrial Heating Equipment 


57. Atmospheres 

Bulletin 1-10 supplies technical infor 
mation on inert gas generators and data 
on costs. C. M. Kemp Mfg 


98. Bar and Tube Turners 
l6-page bulletin on centerless turne: 
for round bars and tubes. Medart 
59. Basic Materials 
24-page booklet on Alundum, Crystolon 
Magnorite, Norbide, zirconia, carbides 
borides and other basic materials. Prod 
ucts made from them are listed. Norton 


39. Alloy Steel* 

“Alloy Steel Pays Off” is an attrac 
tive 208-page, paper-bound book con- 
taining examples where alloy steel 
(including stainless) was used to ad 
vantage. It is prefaced by a 29-page 
general discussion of the increased use 
of alloy steels, net tons used by differ 
ent markets and general advantages 
steels 


of alloy Corrosion resistance 


fabrication costs strength, toughness 


and wear resistance are summarized 


Case histories cover 60 applic ations 
such as bolts, chipper and hog knives 
cultivators, hollow drill) rod, sling 
chain, fencing, low-horsepower diesel 
engines and many others. The use of 
alloy steel in power shovels, for in 
stance, begins with an explanation of 
the increased pay reliability 
and ruggedness of a modern shovel 
made of alloy steels. Tables list parts 
made of alloy steel, the steels used 
and their properties 


loads 


*Published by the Climax Molyb 
denum Co. Copies are available at no 
charge to readers of Metal Progress 
who circle No. 39 on the request card, 
page 32B. 


60. Bending 
24-page article on 
properties of welding 
Forge & Pipe Works 


bending 


Taylor 


in-plane 
elbows 


61. Bending and Cutting 

Folder describes hand and air-operated 
bender-cutter and its applications. J 
Richards 


62. Beryllium Copper 

Bulletin 1 on available alloys, condi 
tions, tempers and tables of sizes and 
properties. Penn Precision Products 


63. Beryllium Copper 

16-page booklet on applications and 
properties of beryllium copper. Beryllium 
Corp 


64. Black Oxide Coatings 


Data on black oxide coatings for steel 
stainless steel and copper alloys. Du-Lite 


65. Black Oxide Finish 


Folder on penetrating black finish for 
ferrous metal. Puritan Mfg 


66. Blackening Stainless 


Bulletin on process for blackening 
tainless steels, cast and malleable irons 


Mitchell-Bradford 


67. Blast Cleaning 


6-page booklet on pressure blasting 
process and its applications in the field 
of deburring, cleaning, scale removal 
Cro-Plate Co 


68. Boron Additive 

6-page article on use of grainal a 
boron-additive alloy and properties of 
grainal steel Vanadium Corp 


69. Brass 


80-page book on properties and uses of 
brass forging and casting rod and 
machining Mueller Bra 


The use of alloy steels in truck and 
trailer bodies and fi mcs lise ussed 
Whilk highly stressed truch parts have 
long been made of alloy steels, they 


are THROW bn 1nigy tise dl for brochic s ln Cutine 


of the weight saving and therefore in 
creased pay load. Percent of weight 
saved and profit are tabulated 

\ further case study tells of the 
high-temperature, pressure and corro 
sive conditions to which pressure ves 
sels are subjected and COMpares cul 
bon and alloy steels as possible alter 
natives 


in their construction 


70. Brazed Tubing 
12-page data book on brazed tubing 
made from copper coated steel, Bundy 


71. Brinell Machine 
Data on semi-automatic Brinell testing 
machine. Detroit Testing Machine 


72. Buffing and Polishing 


jrochure on facilities for production 
buffing, polishing and deburring. Am 
Buffing and Polishing 


73. Burners 
16-page bulletin on selection of gas burn 
ers. Western Products 
74. Calibrating System 
Data on weighing and calibrating sy 
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Carrie 


and 4 


alloys 


d in stock are supplies of the 300 
OO stainless steels as well as carbon 


Specials including electronic 


and aeronautical type alloys, tool steels, 


ferritic 


alloys 


able 


austenitic and super stoiniess 
of nickel. and cobalt base. Avail 
in shot, ingot, billet of cast bors. 


Exactly predictable metallurgical con- 
trol of finished casting is assured by 


MasterMet control of high-temp al- 
loys, tool, stainless, and carbon steels 


You specify the alloy — we'll tailor it to 
your needs, backed by a certified analysis! 
Name the quantity and the fast delivery 
will surprise you! Preparation can begin 
almost immediately after receipt of order. 
MasterMet “alloy tailoring” gives you 
all this: 


MATCHED ALLOYS TO YOUR MELTING PRO- 
GRAM — Close control assures a constantly 
uniform melt. The results you get from 
a sample cast are the same as the final 
production run. 


MASTERMET CERTIFIED ANALYSIS — Regularly 
furnished are notarized certificates insur 
ing alloys that will cast to your exact 
production specifications, 


PRODUCTION MELTS OR SAMPLE JOBS — 
A combination of test furnaces and larger 
multiple production furnaces assure com- 
pletely flexible service at any time. 


FAST ACTION ON YOUR ORDERS — No long 
delays for a mill run. Alloys delivered in 
drums, clearly marked with all specifica- 
tions for fast selection and storage. 


Cannon gx 


tem for accurate measurement of mechan 
ical forces. Morehouse Machine 


“= ’ P . P 
75. Carbide Coatings 

12-page Bulletin 8065, “Flame Plating 
on method of applying tungsten carbide 
coatings. Comparative wear test data. Ap- 
plications. Linde 


76. Carbon and Graphite 

20-page catalog on carbon and graphite 
applications in metallurgical, electrical 
chemical, process fields. National Carbon 
77. Carbon Control 

Catalog T-623 describes the Microcarb 
control system that continuously meas 
ures the active carbon in the furnace 
atmosphere during heat treatment. Leeds 
& Northrup 


78. Carbonitriding 

Bulletin 241 on gas-fired radiant-tube 
furnace for carbonitriding and other heat 
treating. Lindberg Engineering 


79. Carburizing 

16-page bulletin SC-134 reviews gas 
carburizing techniques and _ possibilitic 
Surface Combustion 


80. Cast Bronze 

24-page booklet on cast bronze and cop 
per products gives research, process, en 
gineering and production facilities and 
includes an alloy chart of principal alloys 
National Bearing Div 


$1. Centrifugal Castings 
Booklet on spun centrifugal castings of 

bronze for liners, rings, rolls, sleeves 

bushings. American Non-Gran Bronze 


$2. Ceramic Coatings 

New brochure on ceramic coatings for 
protecting metals from heat and corro 
sion. Solar Aircraft Co 


$3. Chromate Coatings 

Folder gives characteristics and uses of 
chromate conversion coatings on nonfet 
rous metals. Allied esmmealt 


84. Chromate Finish 

Selection chart for chromate treatments 
for various metals and alloys. United 
Chromium 


$5. Cleaner 

Folder gives data on metal cleaners for 
use with water in still-tank o1 
washing equipment. Solventol 
86. Cleaning 

Data sheets on acid activators to pro 


mote removal of scale and oxides from 
steel and iron. Swift Ind. Chem 


spray 


- ‘ . 
87. Cleaning 

44-page booklet, “Some Good Things 
to Know About Metal Cleaning,” dis 
cusses tank, barrel and machine cleaning 
pickling, zinc phosphate coating, rust pre 
vention and other processes. Oakite 


88. Cleaning 
How to operate your power washer at 
maximum efficiency. Metalwash Mach 


89. Cleaning Stainless 
8-page booklet on care and cleaning of 
stainless steels. Republic Steel 


90. Clad Metals 

24-page booklet on principles of bond 
ing, characteristics of clad metals, meth 
ods of cladding, uses. Superior Steel 


91. Clad Wire 
Booklet on properties of nickel-clad 


copper wire for conductivity use at high 
temperature. Sylvania Electric 


Write today for your 


copy of new MasterMet Monarch Steel 


CORPORATION 93. 
2879 Lincoln Street °¢ 


METALLURGICAL 
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92. Cold Finished Bars 
Muskegon y MasterMsr \ Catalog of carbon and alloy steel bar: 


\ Alloy Bulletin for com- 
plete technical details. 


Cold Finished Steel 
8-page bulletin on selection, use, rela 
tive cost of cold finished carbon stee! 


SPECIALISTS bars. Ryerson 


Muskegon, Michigan 











ADVANCE IN HARDNESS 
TESTING with the NEW 
DURIMET HARDNESS TESTER 


Even the most delicate and highly finished parts or tools may be tested 
INCREASED , for hardness WITHOUT DAMAGING or DEFORMING THE FINEST 
FINISH 
TOOL LIFE... - al, 


The diamond impressions (invisible to the naked eye) are produced with 


FINER FINISH. . HIGHER ; loads of only 15 to 300 grams 
CUTTING SPEEDS . The pyramid (or optionally rhombic) 


y> > shaped impressions are measured by 
.. LESS - ‘ ‘ means of a 400-power microscope 


REJECTS . Na with reticule graduated to 0005 mm 


Microscope objective 400x, indente- 
tor as well as an 


METAL WORKING PLANTS GET GREATER extra 1001 locat 


ing objective are 


PRODUCTION AT LOWER COSTS with... mounted on « com 


mon revolving tur 


Po 


ret for quick in 


SAFCO Cutting Fluids @ || “=~” 


The DURIMET 


TAILOR-MADE CUTTING FLUIDS TO FIT YOUR NEEDS. opens up « NEW 


In the comprehensive SAFCO line, there is a pe i cies ae 
correct cutting oil or coolant especially designed methods prove too costly or 
for each type of metal and machining operation. nae 
This specialized selection makes it possible for our A reasonable price — 
: : ration, make the 
experienced sales engineers to help you choose St cnand cuneate 
the right cutting fluid for your particular ony shep 
jOb. WRITE FOR FREE LITERATURE — TODAY! 
Ol PIONEERS FOR OVER 100 YEARS 


SWAN-FINCH OIL CORPORATION 


205 EAST 42nd STREET - NEW YORK 17.N.Y 
ee one) . an ea cme) . mm monn ° Le ae 


«+ eS a | 




















PYRASTEEL 
TUBES 


Write for 
PYRASTEEL 
Bulletin 
Six-ineh shells are inserted in 
these PYRASTEEL bell-joint tubes. 
Then the tubes are placed end to end, form- 
ing long lines through which are pushed the shells 


Makers of 
ALLOY STEEL 


for over 45 Years at the proper heat treating temperature, which is proved 


to be rapid and economical. Just another of the multitude of 
uses of PYRASTEEL for high temperature applications. 


CHICAGO STEEL FOUNDRY CO. reise av. & 270% st. chic 22, tos 
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WHAT'S NEW AT BRISTOL... 


LA 
*uleals 


/ : ™~' 
— 


Special Metal 
Fabrications 


Now... Bristol thermocouples 
with metal-ceramic 
protecting tubes 


Bristol's new metal-ceramic LT-1 protecting tubes 
are the most important advance in thermocouple tech- 
nology in years. 

Combining the thermal conductivity and shock 
resistance of metal with the corrosion and oxidation are equipped to fabricate practi- 
resistance of ceramic materials, the new protecting a RACKS 
tubes will last far longer than ordinary tubes, give cally any type of special assembly. 
you closer control and faster response. * TANKS 

Here are the advantages of the metal-ceramic LT-1’s 

¢ Resistance to combustion gases at tem- . FIXTURES products . . . recognize some of 


peratures up to 3100°F —< 
Resistance to oxidation in air at tempera- RETORTS them? We can build these and 


Our modern, up-to-date facilities 
Look at this list of precision-built 


tures up to 2200°F 
Retention of strength at high tempera- e MUFFLES many others to your specifica- 
tures — 1800 to 2500°F , : 

Greatly superior to most ceramics in as CRATES tions ... from your prints. . . or, 


resistance to thermal shock e BASKETS we will develop working prints 


Resistance to attack by molten metals and 


furnace slag , 
¢ Increased sensitivity —the “% inch wall . SPECIALTIES pon ye. 


has a high thermal conductivity Write TODAY!...L » 
Get the whole story on Bristol’s new tubes. Write — Fr = - “ elp you ——— problem. 
for Bulletin P1261 today. The Bristol Company, FOS Nverarare Of requese: 


106 Bristol Road, Waterbury, Conn. A 
’ 4.19 
@ 
T° 


METAL SPECIALTIES, INC. 
1505 ROLAND HEIGHTS AVENUE 

HAMPDEN STATION ¢ BALTIMORE 11, MD. 

A Few Choice Distributorships Still Available! 


Points the Way in Human-Engineered Instrumentation 


AUTOMATIC CONTROLLING, RECORDING AND 
TELEMETERING INSTRUMENTS 
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941. Cold Rolled Steels 

32-page booklet on stainless, alloy and 
carbon spring steels, and other special- 
ties. Melting, temper, finishes. Crucible 


95. Combustion Control 
Folder on mechanical drafting and an 
air-powered ejector. Morgan Construction 


96. Continuous-Cast Brass 

New bulletin on chemistry, sizes, ad- 
vantages and applications of continuous- 
cast brass bars. Scovill Mfg 


97. Controlled Atmospheres 
Bulletin 753 on generator for atmos- 

pheres for hardening, brazing, sintering 

and annealing carbon steels. Hevi Duty 


98. Controller 

Bulletin F-6314 on new 
pacitrols with four 
Wheelco 


99. Copper Alloys 


New technical data book on phosphor 
bronze and nickel silver. Seymour Mfg. 


100. Core Dryer 

12-page bulletin on Foundromatic core 
dryer and how such drying fits existing 
setups. Allis-Chalmers 


101. Corrosion Resistant Alloy 
_—- booklet on nickel, chromium, 
molybdenum, iron alloy gives chemical 
composition, corrosion data, properties, 
welding characteristics. Haynes Stellite 


102. 


model of ca- 
modes of control 


Corrosion Resistant 
Coating 

Bulletin No. 100 lists, classifies and gives 
further references to corrosion resistant 


coatings for numerous purposes. Carbo- 
line 


103. Creep Testing 

Bulletin 4208 on five types of creep 
testing machines for standard sized metal 
specimens. Baldwin-Lima-Hamilton 


104. Cutting and Grinding 
44-page booklet on cutting and grinding 
procedures. Charts and graphs of recom- 
mended concentrations for different met- 
als and operations. Master Chemical Corp. 


105. Cutting Fluid 

Data on nonflammable, nonexplosive 
chemical for tapping, pipe threading, drill 
press work, lathe cutting. Easy-Cut Mfg. 


106. Cutting Fluids 
Folder lists types of cutting fluids and 
their specific applications. Swan-Finch 


107. Cutting Oil 

Facts on more efficient and economical 
plant operation through use of right 
lubricants described in “Metal Cutting 
Fluids” booklet. Cities Service 


108. Cutting Oil Chart 

Selection chart for seven classes of 
metal in nine machining operations. 
Aldridge Industrial Oils 


109. Deep Drawing 

Reprint on new deep drawing technique 
involving single-stroke dies and elimi- 
nating intermediate operations. Schnell 


Tool & Die 


110. Desealing Stainless Steel 

Bulletin 25 on descaling stainless steel 
and other metals in molten salt. Hooker 
Electrochemical 


111. Dew Point Control 

Bulletin No. 21-C on instrument which 
indicates, records and controls dew point 
automatically. Ipsen 


112. Diamond Abrasive 

4-page folder on the advantages of 
diamond abrasives for polishing metal- 
lurgical specimens. Buehler, Ltd 


113. Die Steel 
Data on air hardening, free machining 
die steel. Latrobe Steel 





Typical ports heat 
treated in Hevi 
Duty furnaces ot 
the Union Special 
Machine Co 


UNION SPECIAL 
heat treats precision parts in 


HEVI DUTY 


@ Over 100 different 
heat treating operations are re- 
presented in one Union Special in 
dustrial sewing machine. All the 
carburizing, dry cyaniding and 
bright 


ground shafts, bearings, journals, 


annealing of precision 


castings and eccentrics is done in 
versatile Hevi Duty Vertical Retort 
Furnaces. 


H:E-V12B-U:TY, 


HEVI 


MILWAUKEE I, 


a 


Walter Weinwurm, chief metallur 
gist at Union Special, says “Our 
Hevi Duty furnaces do an excep 
tionally good job of heat treating 
precision parts. The work comes out 
of the furnaces clean with no scale 


or oxidation 


Learn more about Hevi Duty verti- 
cal retort furnaces — write for your 


copy of bulletin HD-646 today 


DUTY ELECTRIC COMPANY 


WISCONSIN 


Heat Treating Furnaces... Electric Exclusively 


Dry Type Transformers 


Constant Current Regulators 
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THER-MONIC [Bepacs 
- also available! 


... the most complete line of 
INDUCTION, DIELECTRIC & FOUNDRY 
CORE BAKING EQUIPMENT 


(J i a ‘* | 
<_U-. 





























High Frequency Heating by cutting production costs, THER-MONIC 


enables you to pace today’s competition! Use it to MOTOR GENERATORS 


braze, solder, harden, anneal, forge or melt...to bake 


foundry cores...to preheat or cure plastics...to process are available with 
foods, chemicals, textiles, wood, paper, etc. iti 
THER-MONIC produces (note above) the country’s capacities up to 290 KW 
widest range of standard heat treating equipment in Pesesaeaeeoceseosoeeoeees 
various powers and frequencies. 
They are versatile and efficient. You can bank on 
them to achieve uniform results—with unskilled labor 
..and not in minutes or hours—but in precious seconds! 
We welcome the opportunity to recommend appropri- 
ate tooling and equipment guaranteed to produce the 
desired quality and production rates. Inquiries invited! 


INDUCTION HEATING CORPORATION 
181 WYTHE AVENUE, BROOKLYN 11, N. Y. 


et ee ae Ls a ae 2 


INDUCTION HEATING CORP. Dept. me I 
181 Wythe Ave., Brooklyn 11, N. Y. 


Gentlemen: 


1 would like more information about THER-MONIC 
Equipment for... 


[] Brazing [) Soldering [) Hardening ([_] Forging 
[] Annealing [) Melting [] Foundry Core Baking 
[} Dielectric Heating [_] Rental Plans 

(_] Have your representative call! 

Name 

Company 

Title 

Street 


f------ 
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114. Dilatometer 

Catalog Micro 8161 on equipment for 
thermal analysis of metals 
Leitz 


115. Duetile Iron 

List of publications available on ad- 
vantages and properties of ductile iron 
along with special applications and 100 
authorized foundry sources now produc- 
ing it. International Nickel 


116. Electric Furnaces 

Brochure on electric heat treating. 
melting. metallurgical tube, research and 
sintering furnaces. Pereny Equipment 


117. Electric Furnaces 

Booklet on four types of electric heat- 
ing elements and their methods of 
mounting. Holcroft 


118. Electrodes 

Catalog on electrode line features 
assemblies for measurement, recording 
and control of solution pH and redox 
potentials. Leeds & Northrup 


119. Enamel Finishes 

Data on Plextone multicolored enamels 
includes colors, spray equipment, tech- 
nical tips. Maas & Waldstein 


120. Extrusion Presses 

8-page bulletin on aluminum extrusion 
presses describes the processes and 
presses at work. Watson-Stillman 


121. Fabricated Metal 
Booklets on facilities for special metal 


fabrication and assembly. Allied Metal 
Specialties 


ceramics 


122. Fasteners 

4-page catalog on cold forged cap 
screws of high carbon, alloy and stainless 
steels. Chandler Products Corp 


123. Ferro-Alloys 

32-page book tells how ferro-alloys are 
made and how they are used. Electro 
Metallurgical Co 


124. Finishing 

52-page book “Advanced Speed Finish 
ing” describes equipment for deburring 
and finishing. Almco Div 
125. Flame Analysis 

New, pocket-size card with emission 
spectra for 36 of the most typical ele- 
ments. Beckman Instruments 


126. Flame Cutting 

12-page booklet on use of automatic 
flame cutting in the making of machinery 
weldments. Air Reduction Sales 
127. Flame Hardening 

20-page booklet on precision flame 
hardening machine with electronic con 
trol. Details of operation and applications 
Cincinnati Milling Machine 


128. Flow Meters 


Bulletin 201 on flow meter for gas used 
in heat treating. Waukee Eng'g 


129. Flow Meters 

Catalog 2320 on indicating, recording 
integrating and controlling flow meters 
Minneapolis-Honeywell 


130. Flow Meters 

24-page manual on application and in 
stallation of indicating flow’ meter 
Meriam Instrument 


131. Flow Regulation 
Folder on self-operated flow regulator 
Fischer & Porter 


132. Fluoroscopy 

12-page booklet on fluoroscopy for non 
destructive internal inspection 
image amplifier 
Industrial X-Ray Dept 


Explains 
Westinghouse Electric, 


133. Forming Equipment 
Bulletin on machinery and equipment 
for cold roll forming. Am. Roller Die 


134. Foundry Coatings 

Data on colloidal graphite for mold 
washes, pattern coatings, core coatings 
chill coatings. Acheson Colloids 


135. Free Cutting Steels 

Manual gives history, chemistry, ma- 
chinability, properties of free cutting 
Bessemer and Sede openhearth steels 


Bliss & Laughlin 


136. Freezer 

8-page folder on portable freezer, 110 
volt a.c., operating to -180° F., for shrink 
fitting, hardening, stabilizing and testing 
Webber Mig 


137. Furnace Belts 

44-page catalog describes metal belts 
for quenching, tempering, carburizing 
and other applications. Ashworth Bros 


138. Furnace Controls 
Bulletin on instruments and controls 
for heat treating furnaces. Hays Corp 


139. Furnace Fixtures 
Bulletin T-227 on Thermalloy trays and 
fixtures. Electro-Alloys Dit 


140. Furnace Fixtures 

16-page catalog on baskets, trays, fix 
tures and carburizing boxes for heat 
treating. 66 designs. Stanwood Corp 


141. Furnace Insulation 

Bulletin on ceramic fiber that can give 
impressive savings compared with high 
quality insulating brick Refractories 
Div., Carborundum Co 


142. Furnaces 
Bulletin No. 200 on multi-burner heat 
treating furnace. Am. Gas Furnace 








KING 


Eliminates excessive material 
handling costs in routine and 
special Brinell hardness test- 
ing. The King Portable Brinell 
can be carried to the work, 
used in any position, and al- 
ways puts an actual load of 
3000 kg. on the 10mm. ball 


indenter. 


This 27-lb. portable tester 
has a 4-in. deep throat and 
a gap 10 in. high. For larger 


PORTABLE 
BRINELL 


HARDNESS TESTER 


PERECO Electric FURNACES- 





PRESSURE SINTERING FURNACE 


This high-temperature “pressure-sintering’’ Pereco 
Furnace (Model PF-1414-CR) is another of the 
many research applications for the versatile Pere 

Simple to operate, the tester is impossible to over- co High-Temperature Furnaces. It has wide 
load, and even with inexperienced operators will pro- application for sintering bronse, ison, et: 
vide consistent accurate results well within the require- 
ments of the Bureau of Standards. 


pieces, the test head is easily 
removable for testing sections 
beyond the capacity of the 
standard base. 


Throat" deep. Gap—10”" high 
W eight—27 Ibs. 


under 
varying pressures at temperatures up to 2500° F 
and under normal atmosphere or “‘gas-tight"’ for 
controlled, reducing or neutral atmospheres. Com 
pact overall size, with chamber size 14” x 14” x 
a 7 7 18” deep. Furnished with any standard make or 
A N fa) R E W type temperature control to meet individual 


needs. Pivoted pressure-jack frame for easy load 


y ing Ask for full specifications—or details on 
hk f N G other models 


BOX 606A 
ARDMORE, PENNA. 


PERENY 
EQPT. CO. 


Dept. 9, 
873 Chambers Rd., 
Columbus 12, Ohio 


EREN 
EQUIPMENT 


COLUMBUS 








Standard and special furnaces 
for temperatures 450° to 5000° F. 
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143. Furnaces 

Folder describes complete set-up for 
heat treatment of small tools, including 
draw furnace, quench tank and high 
temperature furnace. Waltz Furnace 


144. Furnaces 

40-page book describes gas and electric 
furnaces and applications. Four basic 
types of etmenghaves. Glossary of heat 
treating terms. Westinghouse 


145. Furnaces 

New brochure on metallurgical fur- 
naces in the melting, reheating and heat 
treating fields. Rust Furnace Co. 


146. Furnaces 

12-page brochure on car furnaces of 
special and conventional design. Jet Com- 
bustion 


147. Furnaces, Heat Treating 
Bulletin on fuel and electric furnaces 
for heat treating. Dempsey 


148. Furnaces, Heat Treating 
Catalog on furnaces for tool room and 
general purpose heat treat. Cooley 


149, Furnaces, Heat Treating 

32-page catalog on high-speed ges fur- 
naces for heat treating carbon and alloy 
steels; also pot furnaces for salt and 
lead hardening. Charles A. Hones 


150. Furnaces, Heat Treating 

12-page bulletin on conveyor furnace, 
radiant tube gas heated, oil or electrically 
heated, Electric Furnace Co 


151. Galvanizing 

Reprint “Modern Hot-Dip Galvanizing” 
deals with dross formation as a cause of 
zinc waste. Hanson-Van Winkle-Munning 


152. Graphite Electrodes 


Vest-pocket notebook containing 90 
pages of information on electric furnace 


electrodes and other carbon products. 
Great Lakes Carbon Corp 


153. Grinding Magnesium 

Data on how to grind and polish mag- 
nesium alloys includes grinding wheel 
recommendations, procedures, dust col- 
lection and safety precautions. Norton 


154. Grinding Oils 
l6-page booklet on precision grinding 
oils. D. A, Stuart 


155. Gold Plating 

Article on analysis of gold and gold 
alloy plating solutions gives all currently 
poo A ew procedures. Technic 


156. Gold Plating 
Folder on salts for bright gold plating 
Also lists equipment needed. Sel-Rex 


157. Handling Devices 
Pamphlets on clamps for lifting and 
handling. Their application to various 
industries. Merrill Bros 


158. Hardening Gears 
How gears are carburized and mar- 
tempered at Jack & Heintz. Ajax Electric 


159. Hardness Tester 
Booklet describes two models of Pen- 
etrascope hardness testers. C. Tennant 


160. Hardness Tester 
4-page bulletin on Brinell hardness 
tester weighing 26 lb. for portable and 
stationary use. Andrew King 


161. Hardness Tester 

13-page booklet on microhardness tester 
with optional Vickers or Knoop diamond 
Geo. Scherr 


162. Hardness Tester 

20-page bulletin on use of portable 
hardness testers and accessories. Ames 
Precision Machine 


163. Hardness Tester 
20-page book on hardness testing by 
Rockwell method. Clark Instrument 


164. Hardness Testers 

Bulletin on superficial hardness testers 
for testing thin strip. Wilson Mechanical 
Instrument 


165. Heat Resistant Alloy 

Pyrasteel bulletin describes chromium- 
nickel-silicon alloy for service economy 
in resisting oxidation and corrosion to 
2000° F. Chicago Steel Foundry 


166. Heat Resistant Alloy 

10-page article on how to get best 
service out of standard grades of heat 
resisting alloys by proper selection. Rolled 
Alloys 


167. Heat Treat Baskets 
Bulletin on wire mesh baskets for heat 
treating and plating. Wiretex Mfg. 


168. Heat Treating 

Bulletin 850 on shaker-hearth furnace 
for bright carburizin carbonitriding, 
hardening. Hevi Duty Electric 


169. Heat Treating 

Bulletin 14-T on ovens for heat treat- 
ment of aluminum and other low-tem- 
perature processing. Young Bros 


170. Heat Treating 

Catalog on HeaTreaT furnaces gives 
applications and performance features. 
Heat Treating Supply Co. 


171. Heat Treating 
Catalog N-35 on furnaces for hardening 
high speed steel. Sentry Co. 


172. Heat Treating 

Data on how to heat, quench, wash and 
temper automatically. Metalwash Machin- 
ery 





UARE FLATS, HEXAGONS, OCTAGONS, BILLETS AND FORGINGS FOR 


UP-TO-THE-MINUTE 


For over a century, Wheelock, Lovejoy & Company, 
Inc. has concentrated on the development of alloy 
and special steels with properties to meet individual 
needs. Today, WL has seven strategically located 
warehouses where you can get immediate delivery 
on any of the HY-TEN steels which have been devel- 
oped by WL for unusual applications, plus many 
standard SAE and AISI grades. Every WL warehouse 
can supply these steels in rounds, squares, flats, 





ud 


CONTINUOUS 


HARDENING AND QUENCHING 








934 JONVNIINIVAW GNY WOON 1001 NOILING 


VIWIUI 


hexagons, octagons, billets and forgings — every 


‘ 


warehouse is staffed with expert metallurgists who 


are ready to assist you. Call on them. 





Write today for your FREE COPIES of Wheelock, Lovejoy 
Data Sheets, indicating your title and « ompany identification. It 
contains complete technical information on grades 


By means of a smoothly operating reciprocat- 
physical prepertics, teste, heat treating, ete. ing action the work constantly moves forward 
and feeds into the quench directly from the 
retort without air contact — A POSITIVE 


WHE [: L OC k, Le MEANS OF CLEAN HARDENING. CAN 


LOVEJOY vecsees er oa Ask AGF PIONEERS for * 
& COMPANY. INC. SS Bulletins 815 and 820 Vw 


TEE nn : <= 


134 Sidney St, Cambridge 39, Mavs. 


applications, 
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173. Heat Treating 

Loose leaf data sheets on heat treating 
oils, salts, carburizing compounds. Park 
Chemical 


174. Heat Treating Ammonia 
24-page “Guide for Use of Anhydrous 

Ammonia” describes heat treating and 

other metallurgical uses. Nitrogen Div 


175. Heat Treating Fixtures 

24-page catalog B-8 on muffles, retorts, 
baskets, other fixtures for heat treating 
in gas or salt baths. Rolock 


176. Heat Treating Fixtures 

24-page catalog on heat and corrosion- 
resistant equipment for heat treating and 
chemical processing. 30 classifications of 
equipment. Pressed Steel 


177. Heat Treating Guide 

Chart guide constructed on slide rule 
principle for simplified hardening and 
drawing of tool steels. Carpenter Steel 


178. Heat Treatment 

Bulletin 200 on car hearth, rotary 
hearth, pit, roller hearth, belt, chain, 
pusher “hi-head” furnaces. R-S Furnace 


179. Heating 

New booklet compares induction and 
dielectric high frequency heating. New 
Rochelle Tool Corp. 


180. High-Alloy Castings 
Bulletin 3150-G on castings for heat, 
corrosion, abrasion resistance. Duraloy 


181. High-Strength Steel 

66-page catalog on properties of 
Mayari*R steel. Applications which take 
advantage of its wear and corrosion re- 
sistance. Bethlehem Steel 


182. High-Temperature Steels 
87-page book on factors affecting high- 
temperature properties. 45 pages of data 
on tensile. creep and rupture properties 
of 21 high-temperature steels. U.S. Steel 


183. High-Tensile Steel 

Bulletin on nickel-copper steel of low- 
alloy, high-strength type. Youngstown 
Sheet and Tube 


184. High-Vacuum Pumps 

36-page Catalog 750 gives formulas, 
constants, conversions used in vacuum 
work, pump selection data. Stokes 


185. High-Vacuum Pumps 

Data sheet on physical dimensions, 
operating data and performance curves 
for high-vacuum oil diffusion pumps. 
Consolidated Vacuum Corp. 


186. Identifying Stainless 
Cardboard chart outlining systematic 
method for rapid identification of un- 
known or mixed stocks of stainless steels. 
Carpenter Steel 


187. Induction Heating 
Book contains selector chart and heat- 
ing and melting speeds for induction 
equipment. Ajax Electrothermic 


188. Induction Heating 

Folder on bench-type electronic induc- 
tion heating generators. Induction Heat- 
ing 


189. Induction Heating 
4-page folder on aluminum strip rolled 
from continuously cast bar. Ajax Eng. 


190. Induction Heating 
36-page catalog on high frequency in- 
duction heating. Lepel 


191. Input Controller 

Bulletin on instrument for straight- 
line furnace temperature control. Win- 
slow Co 


192. Insulation 


40-page industrial products catalog on 


insulations, refractory 
others. Johns-Manville 


193. Laboratory Furnaces 

Information and bulletins available 
along with current price lists on com- 
plete assortment of Lindberg laboratory 
furnaces. Boder Scientific Co 


194. Leaded Steels 
Bulletin on analysis and advantages of 
cold finished leaded steel bars. LaSalle 


195. Lubricant 

8-page folder describes use of molyb- 
denum disulfide lubricant in cold form- 
ing applications. Alpha Corp 


196. Lubricant 
New literature on anti-seize molyb- 
denum disulfide lubricant. Bel-Ray 


197. Magnesium 

42-page booklet on wrought forms of 
magnesium. Includes 31 tables. White 
Metal Rolling & Stamping 


198. Magnesium Applications 
60-page book gives 54 case studies on 
uses. Dow Chemical 


199. Magnesium Welding 
Reprint describes an investigation to 

evaluate inert-gas-shielded metal-ar 
welding of magnesium. Air Reduction 


200. Magnetic Alloys 

6 pages of data on Curie temperature 
of many alloys and how this phenomenon 
is of importance. International Nickel 


201. Malleable Iron 

Reprint 51-B on metallurgy, treatment, 
and eet treated properties of malleable 
iron. Surface Combustion 


202. Master Alloys 


Bulletin on custom-made alloys for re- 
melt or reprocessing. Cannon Muskegon 


products, and 


203. Melting Furnace 

Bulletin gives specifications, diagrams, 
performance and other technical data on 
Simplex melting furnaces. Lindberg Engi- 
neering 


204. Metal Cutting 

64-page catalog No. 29 gives prices and 
describes complete line of rotary files, 
burrs, metalworking saws and other prod- 
ucts. Martindale Electric 


205. Metal Working 

48-page booklet on bolt and nut machin- 
ing, power presses, wire mills and special 
machinery. Waterbury Farrel Foundry & 
Machine 
206. Metallographic 
Requipeneent 
12-page catalog E-29 describes bright- 
field equipment for visual observation 
and photography. Bausch Lomb 


207. Microhardness Tester 
Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance Co 


208. Moly-Sulphide Lubricant 

40-page booklet on Moly-sulphide lubri- 
cant gives case histories for 154 different 
uses. Climax Molybdenum 


209. Nitriding 
Beoklet tells about Flo« 
nitriding. Nitralloy Corp 


210. Nondestructive Testing 

8-page bulletin on equipment for non- 
destructive testing of bar rods, tubing 
Magnetic Analysis 


211. Nonferrous Wire 
Folder gives wire gage and 
chart and data on beryllium copper, 
phosphor bronze, nickel, silver, brass and 
aluminum wire. Little Falls Alloys 
(Continued on page 32-A) 
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pGEWOUND 
e WASHERS | 


~ a 


FREE 10 page booklet gives 
you all the facts on better 
brazing with preforms 
Write Today! 


NO TANGLE - NOTCH COIL 
WASHERS SNAP OFF COIL 
PREPLACE ON WORK 


% Produced from standard wire stocks, No lead 


time needed for dies or exact strip 
% Suitable for use with induction, gas-air, 
furnace, or any of the commonly used 
heating methods. 
*% Available in EASY FLO and SILFOS as 
well as Copper, Bronze and other alloys. 
%& Diameters up to 4” 1.D., wire thicknesses 
from .010 upward. 


LUCAS-MILHAUPT 


ENGINEERING CO. 


5056 S. LAKE DRIVE, CUDAHY, WISCONSIN 
1954 
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You No Longer 

Need to Worry 

About the Amount 


Of Carburizing Gas 
to Add 








Ipsen 
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/. Automatically controls furnace atmosphere carbon potential. 
v, Eliminates constant supervision and guesswork. 


Simply set the controls to desired carbon potential...and forget it. 


Universal Production Units in Standard Sizes 100 to 2000 LB./HR. 


IPSEN INDUSTRIES, INC. 723 SOUTH MAIN STREET, ROCKFORD, ILLINOIS 
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Heat ‘Treat Furnace Layout 


by yalenofe of a Series 
D 


Cc) 





 S 





© Load © Quench Tank 


i th ts feed th 
oO 3-row Carburizing Furnace GC me pe Nae Senge 
single row draw furnace 


°C) Press Quench Machines Unload 


1 Furnace Layout Handles 2 Parts 
Saves time, man hours; cuts costs 


: 


separate layouts. 

: When given the problein, Holcroft engineers decided 
one layout would do. The work—drive gears and pinions— 
is now carburized in a 3-row pusher type furnace. After 
leaving the carburizing furnace the pinions are quenched 
by the tray load while the drive gears are individually press 
quenched and reloaded on trays. Both parts then continue 
on through the single-row draw furnace. 

The results: substantial savings in both time and 
man-power. 

Unusual? Not at all. Just another example of how 
experience and ‘‘know-how” pays off in time, money and 
job satisfaction. 

Write today for complete information. Holcroft & 
Company, 6545 Epworth Blvd., Detroit 10, Michigan. 


PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 
CHICAGO, ILL. + CLEVELAND, OHIO + HOUSTON, TEXAS + PHILADELPHIA, PA. 


CANADA 
Walker Metal Products, Ltd. $.0 F.1.M. 
Windsor, Ontario Paris 8, France 
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/. Automatically controls furnace atmosphere carbon potential. 
“, Eliminates constant supervision and guesswork. 


Simply set the controls to desired carbon potential...and forget it. 


Universal Production Units in Standard Sizes 100 to 2000 LB./HR. 


IPSEN INDUSTRIES, INC. 723 SOUTH MAIN STREET, ROCKFORD, ILLINOIS 
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Che COLD ROLLED STRIP STEEL 


OFFERS a practical way 


to reduce end-product costs 
WITHOUT CAPITAL INVESTMENT 


O O 


ayia! 


See pecially pnoceaved for tha na requvrerncact,~ 
Soup dnausn Po Paxts amd 


ELIMINATES EXPENSIVE EAR 


& DRAW 


FINISHED 
PART 
BLANKEO EDGE BECOMES 
FNISHEO EDGE 





CMP’s precision rolling process permits production of cold 
rolled strip steel as thin as .001” to split-hair across-the- 
width gauge tolerances not obtainable by other rolling 
methods. This unique precision is reflected in less square 
footage loss through oversize variation, less wear on tools, 
fewer rejections and faster assembly where close fitting 
is encountered. 

CMP processes also permit close control of physical char- 
acteristics to develop the combination of physicals best 
suited to the fabricating and service requirements of the 
application. 

We'll be happy to work with you to develop specifications 
and processing methods to enable you to make the best 
possible product at the lowest possible cost. 


c’M*P the Cold Metal Products co. 


GENERAL OFFICES: YOUNGSTOWN 1, OHIO 
PLANTS YOUNGSTOWN, OHIO AND INDIANAPOLIS, INDIANA 
SALES ) New York . Cleveland 7 Detroit . Indianapolis 
OFFICES | Chicago . St. Louis ° los Angeles ° San Francisco 
LOW CARBON, HIGH CARBON (Annealed or Tempered), STAINLESS AND 
ALLOY GRADES, ELECTRO ZINC COATED ARE AVAILABLE FROM: 


THE COLD METAL PRODUCTS CO. OF CALIFORNIA 
6600 McKinley Avenue, los Angeles Phone: Pleasant 3.1291 
THE KENILWORTH STEEL CO. 750 Boulevard, Kenilworth, New Jersey 
Phones: N. Y., COrtlandt 7-2427; N. J., UNionville 2-6900 
PRECISION STEEL WAREHOUSE, INC 
4425 W. Kinzie, Chicago Phone: COlumbus 1-2700 
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(Continued from page 31) 
212. Nuclear Radiation Cell 
Data on industrial instrumentation 
applications of the Ohmart cell, the radio- 
active sensitive element which converts 
nuclear radiation into electrical energy 
Minneapolis-Honeywell 


213. Pickling Baskets 
Data on baskets for degreasing 


pick- 
ling, anodizing and plating. Jelliff 


for modernization and conversion of 
straight-side and gap-frame double crank 
presses. E. W. Bliss 


226. Protective Coating 
New folder on brush Alodine protective 
coating for aluminum. American Chemi- 
cal Paint 
227. Protective Coatings 
Comparison chart of twelve protective 
coatings gives resistance of each to abra- 


239. Refractory Cement 
Bulletin refractories and 
heat-resistant concrete. Lumnite Dit 


240. Refractory Mixes 

16-page bulletin 315 on properties and 
applications of sillimanite super-refrac- 
tory ramming mixes and furnace patches 
Chas. Taylor Sons 


241. Roll Formed Shapes 


discusses 


24-page Bulletin 1053 on designing, 
forming and producing shapes from fer- 
rous and nonferrous metals. Roll Formed 
Products Co 


242. Rubber Linings 

8-page bulletin on use of rubber lined 
pipes and tanks includes tables on thei 
chemical, abrasive and temperature resi 


214. Pickling Baskets sion and different corrosive mediums 
12-page bulletin on mechanical pick- Industrial Metal Protectives 
lors ciples: baskets. chain and acces 228, Pyrometer Calibration 
: >) e t “ ' * —_ 
ad o9 New issue of “Pyrometer Thermocouple 
215. Plating Calibration Data includes tables of data 
Bulletin of products for zinc, cadmium, saoeney ty pone | National Bureau of 
copper and white brass plating. Swift Standards. Bristol Co 
s ¢ os wnehi tant qualities. Metalweld, Inc 
216. Plating Rectifiers 229. Quenching a 
4-page folder on selenium rectifiers for 8-page reprint on hot oil quenching of 243. Rupture Dises 
plating and anodizing. United Chromium tractor shovel parts. Surface Combustion New bulletin on uses of precious metal 
»: : ) ) ti les o 
217. Powdered Metal Parts 230. Quenching aol ot — —y . ~~? a 
Bulletin points out powdered metal “Handbook on Qui nching give: . 
parts which can be molded or must plete information. E. F. Houghton 244. Rust Preventive 
be machined. Chicago Powdered Metal 231. Quenching Pamphlet on Oileoat T for prevention 
Products N s “ye 4 —_— if 7 of rust in lubricating systems. Gulf Oil 
INOW cataiog on o § a St co 
218. Powdered Metals tained quenching units. Bell Gossett 245. Rust Preventives 
t ROO-/ oO yre-al , pr. . . 2-page bulletin on water-solubl 
Bo : we ee po ation neg 232. Quenching Oil a. 4 "Deedee tion Spe ‘ ialties 
contents. Metal Hydrides 10-page book on new oil: for the . 
quenching process gives results on hot 246. Rust-Proofing 
219. Precision Casting wire que nch test and in plant operation Literature on rust-proofing ferrou 
8-page bulletin on investment castings Sinclair Refining Co metal parts. American Chemical Paint 
of various ferrous and nonferrous alloys. 2° agit: atic P ‘te 47 
Engineered Precision Casting 2355. Radiamatic ! yrometers 247. Salt Baths 
Catalog 9301 on four types of radiation Hardening textile machinery parts in 


220. Precision Casting detectors for measuring temperatures neutral salt baths in “Ti and Trend 
44-page Catalog 53 covers every stage from 125 to 7000° F. Minneapolis-Honey- Ajar Electric 


well 
of the investment casting proces Alexr- ws ‘ 
ander Saunders P34 Rare E; " 2418. Salt Baths 
ae are Rarths 32-page bulletin on salts for tempering 


y+ 4 Precision Casting $-page Progress Report Number 1, annealing, neutral hardening, martemper 
20-page booklet on ethyl silicate as a Rare Earths in Iron and Steel Melting ing and carburizing. E. F. Houghton 


refractory mold binder for precision in- Molybdenum Corp ; 

vestment casting. Carbide and Carbon I35 249. Salt Bath Furnaces 
Chemicals Co ae Data on salt bath furnaces for batch 
and conveyorized work. Upton 


250. Shearing 





coMm- 


Recirculating Furnaces 
16-page Bulletin 81 describes heat treat- 

ing furnaces for ferrous and nonferrous 

parts and other heat treat equipment 


Despatch Oven 16-page catalog on pivoted-blade 
236. Recorder Controllers for cutting metal up to 125 in 
48-page ND 46(1) gives specifications, Cleveland Crane Engineering 
installation pictures of recorders and 9* : v : 
controllers for temperature, strain, other 251. Sheet Metal Te sting 
variables. Leeds Northrup 8-page folder on equipment for testing 
the drawing, stamping and folding qual 


237. Refractories ities of sheet and strip. Deakin 
l6-page book on mullite-base refrac- , > ‘ 

tories—ramming mixes, mortars, patches = ae Shot I eening 

power castables. Mullite Refractories 16-page booklet on selection and use of 

punch P . " hot and grit for peening. Cleveland 

238. Refractories Metal Abrasive 

Booklet on recommendations for high- ~ 

tempe : nheartl 253 

emperature insulation in openhearth _ . 

furnace Illinois Clay Products Co 10-page 


222. Precision Castings 

20-page book on alloys used, specifica- 
tion ranges, advantages and castings made 
by precision casting. Haynes Stellite 


223. Presses 

Catalog of power press brakes for sheet 
metal and plate. Applications possible 
with various dies. Design and manufac- 
ture. Airtherm Mfg. Co 


224. Presses 

8-page booklet on hand and 
operated benders, brakes, notchers 
O'Neil-Irwin Mfg 


thick 


Dy ey ] 


presses 


»)) e 


aoe Be 


16-page 


Presses 
booklet on 


Silver Brazing 


recommendations technical bulletin on brazing 
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preforms. Specifications for 13 types of 


joints. Lucas-Milhaupt 


254. 


Soldering Aluminum 


6-page folder on use of a noncorrosive 


aluminum 
ductility 


flux for soldering 
joint strength and 
and Wires, Inc. 
255. 
28-page cross index 
specifications of nine different 
ment agencies. American 


256. Spostew-Anaiyate 
Catalog V3 

cision spectrochemical 
sh 


257. Spectrograph 


Specifications Index 
lists copper 


Brass 


analysis 


Data 
Insulation 


alloy 
Govern- 


on 


3 on excitation units for pre- 
Jarrell- 


20-page catalog describes large Littrow 


spectrograph, medium quartz 
graph and densitometer for 
analysis. Bausch & Lomb 


258. Spectrometer 
Data sheet on Raman 
equipment for large-volume 
work. Minneapolis-Honeywell 


259. Spring Steels 


spectro- 
spectrum 


spectrographic 
analytical 


Spring steel catalog offers 785 sizes of 
steels, 
and 133 cold rolled and bright annealed 


hardened and tempered 


sizes in stock. Sandvik Steel 


260. 


spring 


Stainless Fastenings 


20-page catalog of stainless steel 


washers, 
screws, set 
specialties 


screws, nuts, 
sheet metal 

fittings and 

Screw 


261. Stainless Steel 
Bulletin shows plates 


Star 


262. Stainless Steel 


machine 
SCTeWS, 


forgings 
tank heads, flanges. G. O. Carlson 


cap 
Screws, 
pipe 
Stainless 


sheets, 


44-page book gives detailed information 
on use of stainless steel in the chemical 


Crucible Steel 
Stainless Steel 


industries 
263. 


Reference chart lists chemical analyses, 


and 
different 


physical properties 
applications for 28 


recommended 


grades of 


cast stainless steel. Cooper Alloy Foundry 


261. Stainless Steels 


20-page book on uses of stainless steels 


Electro Metallurgical 


265. Stainless Tubing 


28-page book on corrosion, 


and Tubes Div., 


266. 
20-page 
culture 


Republic 


steels 
Steel Co 


book on 
Crucible 


Ust “dd 


July, 


uses 
fabrication of stainless steel tubing 


Steels for Agriculture 
in 


and 
Steel 


agri- 


1954 


267. = Stretchforming 

Bulletin on how a structural member 
was formed on a contour former. Cyril 
Bath 


26%. Subzero Freezer 
Data on chest for use down to —95° F. 
for production use and testing. Revco 


269. Super High Speed Steel 
Folder on molybdenum, 8% cobalt high 
speed steel. Firth Sterling. 


270. Tellurium Copper 
6-page pamphlet on properties of 0.5% 
tellurium copper alloy. Chase Brass 


271. Tempilstiks 

“Basic Guide to Ferrous Metallurgy”, 
a plastic laminated wall chart in color 
Claud S. Gordon 


272. Testing Controllers 

Bulletin 48 on program controllers for 
production and quality control testing, 
research and development. Tinius Olsen 
273. Testing Machines 

32-page catalog on hydraulic testing 
machines. 10 models described; also acces- 
sories. Riehle 


274. Textured Stainless 

Folder on stainless to conserve alloys 
and reduce weight. Rigidized Metals 
97 


275. Thermocouple Elements 
Folder on precious metal, chromel and 

alumel thermoelements, porcelain and 

metal protection tubes. Chas. Engelhard 


276. Thermocouples 

New 8-page catalog of enclosed tip 
thermocouples. L. H. Marshall Co 
277. Thermocouples 

Catalog of pyrometer supplies gives 
data on thermocouples, protection tubes, 
other accessories. Arklay S. Richards 


278. Timer 
Bulletin GEC-1223 on new single ot 
double-circuit process timer. G.E. 


279. Titanium 

30-page data book on properties of 
commercially pure and alloy titanium 
melting, forging and rolling. 16 charts 
and micros; 4 hardness conversion curve 
for titanium. Republic Steel 


280. Tube and Pipe 

8-page booklet on welded ornamental, 
mechanical or pressure tubing of stain- 
less, carbon or alloy steel. Wallingford 
Steel 


281. Tubing 
52-page “Handbook 
Tubing’. 26 pages of data 


of Seamless Steel 
Timken 
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Postcard must be mailed prior to Oct. |, 
Students should write direct to manufacturers 


282. Tubing 

48-page catalog of welded stainless and 
high alloy tubing from ‘4 to 40 in. Trent 
Tube Co 


283. Tool Steel 

20-page booklet on selection of proper 
tool steel support material for use with 
carbide tools. Allegheny Ludlum 


284. Tool Steel Selector 

Twist the dial of the 9-in 
selector and read off the tool 
your application. Crucible Steel 


265. Ultrasonic Cleaning 
Folder on Sonogen ultrasonic generator 
for metal cleaning. Branson 


286. Ultra Strength Steel 

Results of three year research and test 
program evaluating properties of Type 
4340 steel for aircraft structures. Inter- 
national Nickel 


287. Vacuum Pumps 
24-page Bulletin V5l1 on high-vacuum 
pumps and accessories. Kinney Mfg. 


288. Welding 

Booklet on recent applications 
welding to ferrous alloys and 
Thomson Electric Welder 


289. Welding 
Bulletin 2100 on air-operated bench 
welder for spot welding. Universal Welder 


290. Welding 

16-page booklet on how to weld high 
alloy castings of the straight chromium, 
chromium-nickel and heat-resistant types. 
Alloy Casting Institute 


291. Welding Equipment 
Catalog on Cadweld process and 
welding accessories. Erico Products 


292. Welding Stainless 
Folder on the welding of 
tubing and pipe. Babcocl 


293. Wire Baskets 

84-page book on fabricated 
for dipping and heat treatin 
Wire Cloth 


294. Zirconia 

Folder on new, patented process in 
which each zirconia crystal is stabilized. 
Characteristics of stabilized 
Zirconium Corp. of America 


295. Zirconium 

26-page booklet gives physical, mechan- 
ical and chemical properties, present and 
potential uses, supply and prices of 
zirconium. Zirconium Metals 
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Tests show as much as 


40% reduction in 


machining time 


No change in physical properties or in the heat 
treatment normally associated with D-2 type die steel. 


Contact your Latrobe representative or write direct to Latrobe, Pa. for complete information. 


STEEL COMPANY 


LATROBE, PA 








preforms 
joints 


254. 


Lucas-Milhaupt 
Soldering Aluminum 


Specifications for 13 types of 


6-page folder on use of a noncorrosive 


aluminum. Data 


ductility 


flux for soldering 
joint strength and 
and Wires, Inc. 


255. Specifications Index 


28-page cross index lists copper alloy 
Govern- 


nine different 
American Brass 


specifications of 
ment agencies 


256. = Spectro-Analysis 
Catalog 
cision spectrochemical 
sh 


257. 


analysis 


Spectrograph 


on 
Insulation 


3 on excitation units for pre- 
Jarrell- 


20-page catalog describes large Littrow 


spectrograph, medium quartz 
graph and densitometer for 
analysis. Bausch & Lomb 


258. Spectrometer 
Data sheet on Raman 
equipment for large-volume 
work. Minneapolis-Honeywell 


259. Spring Steels 


spectro- 
spectrum 


spectrographic 
analytical 


Spring steel catalog offers 785 sizes of 


hardened and 
and 


517eS 


260. = Stainless Fastenings 
20-page catalog of stainless steel 
screws, nuts, washers, machine 
sheet metal screws, set screws, 
fittings and specialties. Star 
Screw 


261. Stainless Steel 


Bulletin shows plates, forgings 
tank heads, flanges. G. O. Carlson 


262. 


tempered spring 


in stock. Sandvik Steel 


Stainless Steel 


steels, 
133 cold rolled and bright annealed 


cap 
SCcTeWS, 
pipe 
Stainless 


sheets, 


44-page book gives detailed information 
on use of stainless steel in the chemical 


Crucible Steel 


Stainless Steel 


industries 


263. 


Reference chart lists chemical analyses, 


and 
different 


physical properties 
applications for 28 
cast stainless 


264. 


grades 


Stainless Steels 


20-page book on uses of stainless steels 


Electro Metallurgical 


265. Stainless Tubing 


28-page book on corrosion, uses 


recommended 


steel. Cooper Alloy Foundry 


and 


fabrication of stainless steel tubing. Steel 


and Tubes Div., Republic 


266. Steels for Agriculture 
20-page book on steels used in 
culture. Crucible Steel Co 


agri- 


July, 1954 


267. Stretchforming 

Bulletin on how a structural member 
was formed on a contour former. Cyri 
Bath 


268. Subzero Freezer 
Data on chest for use down to —95° F. 
for production use and testing. Revco 


269. Super High Speed Steel 
Folder on molybdenum, 8% cobalt high 
speed steel. Firth Sterling 


270. Tellurium Copper 
6-page pamphlet on properties of 0.5% 
tellurium copper alloy. Chase Brass 


271. ‘Tempilstiks 

“Basic Guide to Ferrous Metallurgy” 
a plastic laminated wall chart in color 
Claud S. Gordon 


272. Testing Controllers 

Bulletin 48 on program controllers for 
production and quality control testing, 
research and development. Tinius Olsen 


273. Testing Machines 

32-page catalog on hydraulic testing 
machines. 10 models described; also acces- 
sories. Riehle 
274. Textured Stainless 

Folder on stainless to conserve alloys 
and reduce weight. Rigidized Metals 
275. Thermocouple Elements 

Folder on precious metal, chromel and 
alumel thermoelements, porcelain and 
metal protection tubes. Chas. Engelhard 


276. Thermocouples 

New 8-page catalog of enclosed tip 
thermocouples. L. H. Marshall Co 
277. Thermocouples 

Catalog of pyrometer supplies gives 
data on thermocouples, protection tubes 
other accessories. Arklay S. Richards 


278. ‘Timer 
Bulletin GEC-1223 on new single or 
double-circuit process timer. G.E 


279. ‘Titanium 

30-page data book on properties of 
commercially pure and alloy titanium 
melting, forging and rolling. 16 charts 
and micros; 4 hardness conversion curves 
for titanium. Republic Steel 


280. ‘Tube and Pipe 

8-page booklet on welded ornamental 
mechanical or pressure tubing of stain 
less, carbon or alloy steel. Wallingford 
Steel 


281. Tubing 
52-page “Handbook 
Tubing’. 26 pages of data 


of Seamless Steel 
Timken 
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282. Tubing 

48-page catalog of welded stainless and 
high alloy tubing from ‘4% to 40 in. Trent 
Tu be Co 


283. Tool Steel 

20-page booklet on selection of proper 
tool steel support material for use with 
carbide tools. Allegheny Ludlum 


284. Tool Steel Selector 

Twist the dial of the 9-in 
selector and read off the tool 
your application. Crucible Steel 


265. Ultrasonic Cleaning 
Folder on Sonogen ultrasonic generator 
for metal cleaning. Branson 


286. Ultra Strength Steel 

Results of three year research and test 
program evaluating properties of Type 
4340 steel for aircraft structures. Inter- 
national Nickel 


287. Vacuum Pumps 
24-page Bulletin V51 on high-vacuum 
pumps and accessories. Kinney Mfg 


288. Welding 

Booklet on recent applications of flash 
welding to ferrous alloys and 
Thomson Electric Welder 


289. Welding 
Bulletin 2100 on air-operated bench 
welder for spot welding. Universal Welder 


290. Welding 

16-page booklet on how to weld high 
alloy castings of the straight chromium, 
chromium-nickel and heat-resistant types. 
Alloy Casting Institute 


291. Welding Equipment 
Catalog on Cadweld process and arc- 
welding accessories. Erico Products 


292. Welding Stainless 
Folder on the welding of 
tubing and pipe. Babcocl 


293. Wire Baskets 

84-page book on _ fabricated 
for dipping and heat treatin 
Wire Cloth 


291. Zirconia 

Folder on new, patented process in 
which each zirconia crystal is stabilized. 
Characteristics of stabilized zirconia 
Zirconium Corp. of America 


295. Zirconium 

26-page booklet gives physical, mechan- 
ical and chemical properties, present and 
potential uses, supply and prices of 
zirconium. Zirconium Metals 
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Tests show as much as 


40% reduction in 


machining time 


No change in physical properties or in the heat 
treatment normally associated with D-2 type die steel. 


Contact your Latrobe representative or write direct to Latrobe, Pa. for complete information. 
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REPORTS ON 

MICROCARB’ CONTROL... 

FROM PRODUCTION 
HEAT TREATS 


TOLERANCES 
| HELD 


poem | 


@ This row of L&N furnaces is in the Heat Treating 
Department of Jones and Lamson, Springfield, Vt., 
manufacturers of turret and automatic lathes, thread 
grinders, comparators, dies and chasers. In the fore- 
ground is a Homocarb furnace with Microcarb Con- 
trol _ panels are against the wall at the right. 

The part being removed is a work slide bar for a 
J&L Model D Vertical Slide Form Grinder. The bar 
is made from 5°; chrome, 1°), carbon air hardening 
steel. Specifications are 64 plus, in Rockwell C uni- 
form surface hardness. These bars are ground to a 

+ .0002 inch tolerance on outside dimensions and 
zero on straightness and eccentricity and must remain 
stable. Control of surface carbon chemistry and distor- 
tion during heat treatment are extremely important. 


@ At right is an adjusting cone for the spring collet 
on a J&L Bar Type Turret Lathe. These cones are 
8” in diameter by 5” deep with *4” walls, and are 
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DISTORTION 
| NEGLIGIBLE 


@ Taft-Peirce in Woonsocket, R. I. installed 
their Homocarb”™ furnace with Microcarb Con- 
trol to improve physical characteristics . 
particularly by maintaining surface carbon 
content during hardening of these aircraft 
“prop” shafts made of AMS 6415 steel. Each 
shaft measures 6 inches in diameter by 30 
inches long and weighs 125 pounds. 

Six shafts are run at once... loads are 
brought to 1550 F and held for 4 hours with 
a carbon setting of 0.457 ... then oil quenched. 
The firm reports that specifications for 
strength, elongation, reduction in area, etc. 
are held without difficulty on every load; work 
comes out clean and distortion is negligible. 


made from 5°; chrome, 0.10°; carbon air hardening 
carburizing steel. While machining and _ physical 
characteristics of this steel are excellent, it requires 
precise control of furnace atmosphere during carbur- 
izing to meet J&L’s requirements for uniform surface 
hardness of 60 to 63 Rockwell C. J&L carburize these 
parts at 1750 F with Microcarb atmosphere control 

air cool then stress relieve them in an L&N Homo 
Tempering furnace at 300 F. They report not only 
that they have no difficulty meeting specifications on 
individual loads, but can reproduce the same cycle 
time after time. 





FINISHING 
REDUCED 


@ Just in front of the control panels is the 15” x 18” Homo- 
carb furnace with Microcarb Control in which the W. H. 
Nichols Company, Waltham, Mass., heat treat aircraft 
gears like the one above. The gears, measuring 3!» inches 
in diameter, are made of AMS 6260 and 6274 nickel-chrom 
ium-molybdenum steel. Prescribed specifications call for a 
minimum 81 Rockwell “A” hardness, with a .025 to .040 
case free of carbide network. The operator simply sets 
temperature control to 1650 F and carbon control to 0.90. 

Nichols also uses this furnace to harden AISI 4140 steel 
pump shafts. The precise L&N control eliminates undesir- 
able decarburizing or carburizing and substantially reduces 
successive finishing operations that were formerly necessary. 


OPERATION 
AUTOMATIC 


@ These Homocarb furnaces with Microcarb Control are 
used for production-line carburizing and heat treating of 
Universal Joint spiders made by Warner Machine Products 
Inc. Twenty-four of the large spiders are loaded at a time. 
Material is SAE-8720 steel. The load is held at 1700 F to 
obtain a 0.090 inch case depth with the atmosphere con- 
trolled at 0.90°;, to 0.95°) carbon. Parts are cooled in the 
furnace to about 1525 F then direct oil quenched. Warner 
obtains a hardness of about 63 Rockwell C. 

Although none of the operating personnel in this Warner 
Machine Plant had ever had any experience in carburizing 
and heat treating prior to this installation, control is so 
automatic that some 800,000 pounds of work were run 
through Warner’s four furnaces in the first few months 
without a single loss due to heat treatment. 


For More Information about 
Microcarb Atmosphere Control 





@ Here’s a new catalog that’s yours for the asking. It ex- 
plains the basic Microcarb principle which, for the first 
time, makes possible a direct continuous measurement of 
carbon potential in furnace atmosphere during the entire 
heating cycle. Just write us at 4927 Stenton Ave., Phila. 
44, Pa., and ask for your copy of Catalog TD4-620(2). 


iN’ 
LEEDS .. a NORTHRUP 


! 
instruments | automatic controls « furnaces 
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Lubrication Troubles 
Above 500°F? 


Try This! 




















































































































Use a ‘dag’ dispersion. At high temperatures it 
has conventional lubricating agents beat a mile. 
Why? Because at ordinary metalworking tem- 
peratures it doesn’t burn off, flake, or gum up. 
It successfully battles oxidation at every tempera- 
ture up to 750°F. 

















‘dag’ dispersions of graphite form microscopi- 
cally thin, dry lubricating films which fight fric- 
tion beyond the burning-points of most oils. 
These dry films are unaffected by heat up to 750°F. 
... under some conditions up to 3000°F. 


























For more details on metalworking applications 





write for Bulletin No. 426-G7 











- * * 





Dispersions of molybde- We are also equipped to do 
num disulfide are avail- custom dispersing of solids 
able in various carriers. in a wide variety of vehicles. 


dag Acheson Colloids Company, port Huron, wict 














.  €lso ACHESON COLLOIDS LIMITED, LONDON, ENGLAND 
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a hard case 
a tough core 


YOU gel 


and No Zone of Fracture 
between them with 


Houghton PERLITON 33e 


Get tougher, less brittle, more ductile carburized parts with 
Perliton 396 carburizing salt. It's easy and economical to use, 
too—soluble in water, easy to clean—needs no starting salt — 


forms its own insulating crust—bath is stable. 


Get full information on Perliton 396, or on any other heat-treating 
salt, from your Houghton Man—or write E. F. Houghton & Co., 


303 W. Lehigh Ave., Philadelphia 33, Pa. 


PERLITON 336 


. a product of 


Ready to give you 
on-the-job service ... 
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Need High-Purity Metals 
in 1000-pound 


Quantities ? 






Pen Om eo 
ee 
oe 
= 


~ 
*» 


Stokes is building practical 
vacuum furnaces to supply that 
need . . . designing for 2000-pound 
jobs . . . planning for 5000-pound 
units . . . for melting and casting 


gas-free metals of extreme purity, high 
A Stokes induction-heated 
vacuum furnace for melting 
and casting gos-free metals 
Such metals have extreme 
purity, high ductility, 

great impact and rupture 
strength, improved creep 
resistance and exceptional 
performance qualities. 


ductility and great strength. These furnaces 


are used also for sintering, annealing and degassing. 


You can have Stokes vacuum furnaces for top or bottom pouring, for 
single or multiple ingots, for centrifugal castings. We build tilting type 
induction-heated melting furnaces of 10 to 1000 pounds capacity; mov- 
able retort resistance-heated furnaces for degassing and annealing in 10, 
20 and 30-inch retort sizes; resistance-heated furnaces with removable 
heat source or with bell-type retort; two-zone furnaces with movable 


We supply complete, integrated “package” units engineered completely 
and specifically to meet the particular need for vacuum pumping 
capacity, heating input and any mechanical actuation required to con- 
trol operations in the vacuum chamber. 


) 
a 
e 
e 
| 
t 
! 
a 
- boat, and others. 
7 
i 
4 
y 
4 
 Y 


Most important. .. we bring to every vacuum furnace problem the value 

% of 40 years’ practical experience in building vacuum equipment and 

a guiding its installation and adjustment to efficient operation in the field. 
% F. J. StroKES MACHINE COMPANY, PHILADELPHIA 20, Pa. 





STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages ‘industrial Tabletting, Powder Metal and Plastics Molding Presses / Pharmaceutical Equipment 
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At General Magnetic Corpo- 
ration, 10001 Erwin Street, 
Detroit, Michigan, magnets 
are brought up to heat, 2400°1 
in one hour, soaked 20 minutes, 
then cooled in 10 minutes to 
300-400° F. They ride in Inconel 


trays with Inconel covers to 





protect them against direct heat, 


UP to 2400° F. 





When metals cycle between 2400 FL and room tem- 


perature © times daily they lose heart quickly. 


Yet that... and corrosive furnace atmospheres to 
boot... is what equipment for heat treating Alnico 
magnets must withstand. 


Until Inconel® trays and covers were tried. at 
General Magnetic Corporation, no material proved 
satisfactory. Now. with Inconel, six months or more 
of service is obtained. 


These trays and covers were made by Misco Fabri- 
cators, who specialize in heat treating equipment, 
They use Inconel extensively where, as in this case. 
requirements are rigorous, 


Inconel retains good strength at high temperatures. 
It also shows little or no effect from carburizing or 
nitriding furnace atmospheres. Then, too, it is readily 
fabricated and repaired. 


These are the reasons you can expect a well de- 





ED CD WU Rael to “Handling cool’ 6 times daily 


Yet Inconel trays and covers 
serve a full six months 
treating Alnice magnets 


After discharge trays are allowed to cool to 
handling temperature, then reloaded 6 to 7 
times daily. Expansion slots help reduce stresses 
created by cycling between temperature 
extremes. Design and fabrication by Miseo 


Fabricators, 1999 Guion St., Detroit 7, Michigan 


signed piece of Inconel equipment to show low overall 
cost... and give little trouble. At very high tempera- 
tures, it often is the only practical material to use. 


You'll find many suggestions on practical ways to 
make Inconel heat treating equipment in “Keep 
Operating Costs Down . . . When Temperatures (40 


[ p. If you would like a free copy of this booklet, 


write: 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street New York 5, N.Y 


Inconel ‘ Incoloy.. . 
Binoy Nickel Alloys 


for long life at high temperatures 
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Specimen Milling Machine 
Standard metal specimens are 
mass produced with this special 
semi-automatic milling machine 
developed by Tinius Olsen. 








< Automatic Impact Tester 
For determining the breaking 
point of gear teeth and other 


parts, a known weight is auto- 
matically dropped from progres- 
sively higher points or repeatedly 


special out of your Sees 
“special” testing problem a 


... chances are that Olsen has already developed Even off-center loads — 

a rately weighed with this wide 
the specialized testing equipment you need. 5 clearance [\ec§matic | compres- 
sion testing machine, which has 


In addition to the industry-accepted Super “‘L’”’ and unlimited stroke and positive 


Elec§matic universal testing machines, Olsen pro- testing speeds. 
duces the most complete line of special purpose 


testing machines and accessories available. 
The four machines illustrated are typical of the 
scores of the ‘‘special”’ machines that are an integral 
part of the standard Olsen line. 


If you have a testing problem, contact Olsen. Our “Deyble” Tersien Testing Machine 


proved ability and experience are at your command. Introducing a new twist in torsion 
testing, this Olsen machine weighs 
loads in both directions of rotation 

fae —continuously loading and revers- 
- Pha * in : h f . 

‘ g with one set of grips. 
. a. 
dD, 


* what new in testing ? > 


Many of the latest advances in test- 
ing equipment and techniques are 
featured in Tinius Talks, published 
semi-annually by Tinius Olsen. 
Copies of this informative publica- 
tion will be sent upon request. 


TINIUS OLSEN 


TESTING MACHINE CO. 
2030 Easton Road - Willow Grove, Pa. 
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Now... 


You can produce MORE for LESS with 
“ONE STOP” TOOLING SERVICE 


Profit, today, must come from 
production . . . with overhead, 
sales, labor, and material costs at 
constant or increasing high levels. 
The need to produce more prod- 
uct for the same money or the 
same volume of product for less 


money makes fooling the key to 
profit! 

Only Firth Sterling can serve 
you so completely in solving the 
tooling problems that enable you 
to make production profits . . . for 
these six convincing reasons: 


UNBIASED RECOMMENDATIONS Because Firth Sterling makes both 
steel and carbide tooling materials, you get completely unbiased 
recommendations. The exactly right tools or tooling materials will be 
matched to your production needs, resulting in better, faster, cheaper 
production. 


UNLIMITED SELECTION On/y Firth Sterling offers so many grades, 
styles and sizes of both steels and carbides from one source of supply 
... 16 High Speed Steels, 53 Tool and Die Steels, 6 High Temperature 
Alloys, 12 Tungsten Carbides embracing standard tools and tips, 
toolholders and inserts, dies, perforators, and “specials” plus Chromium 
Carbides, Stainless Specialties, Titanium Carbide Cermets, Firth Heavy 
Metal, and Zirconium! 


EFFECTIVE NATIONAL DISTRIBUTION Three plants, 4 warehouses, 11 
branch offices and 135 distributors strategically located in the manu- 
facturing centers of the country assure readily accessible supply sources 
for all your tooling needs. 


CONSTANT RESEARCH Continuing full-scale research with emphasis 
on product improvement, specialty steels, carbides, new metals and 
new methods assures you years-ahead tooling procedures when you 
make Firth Sterling your one-stop source of supply. 


PACKAGED TOOL LINE The most complete line of packaged tools 
available comes in standard quantities, easy to handle, stock, identify 
and inventory . . . in both steel and carbide. 


ONE SOURCE MAKES SENSE Yes, only Firth Sterling can so adequately 
provide one-stop, one-source-of-supply tooling service with its assur- 
ance of unbiased recommendations, simplified lower-cost ordering . . . 
resulting in better, faster, cheaper production. It makes sense, doesn’t 
it? Ask Firth Sterling to analyze your tooling problems . . . to produce 
more for less. 


Fisth Stesling 


GENERAL OFFICES: 3113 FORBES ST., PITTSBURGH 30, PA. 


OFFICES AND WAREHOUSES*: BIRMINGHAM CHICAGO* CLEVELAND DAYTON DETROIT* HARTFORD® 
HOUSTON LOS ANGELES* NEWYORK PHILADELPHIA PITTSBURGH WASHINGTON WESTFIELD, NJ 


PRODUCTS OF FIRTH STERLING METALLURGY 


Sintered Tungsten Carbides 
Firth Heavy Metal 
Chromium Carbides 
High Temperature Cermets 


High Speed Steels 
Too! and Die Steels 
Stammless Specialties 
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is Now 


TWICE as MrEavy 


Years of experience with rare earth materials, 
constant research and application of our product 
assure you of the best results. 


Our new RareMeT Compound is evidence of 
our progress. Now the new RareMeT Com- 
pound is twice as heavy, requires less handling 
and provides more uniform results. 


Hot workability in many types of steels is 
being improved with small additions of this 
already established product. For example, in 
stainless steel, excellent results in both hot 


Grant Building 


CORPORATION OF AMERICA 


workability and increased yield have been ob- 
tained, as published in MCA’s current literature 
and the trade magazines. 


As recognized authorities in the application 
of Molybdenum, Tungsten, Boron, Cerium and 
its derivatives both as alloys and chemicals, 
MCA assures confidential and immediate re- 
sponse to inquiries. 


WRITE TODAY FOR 
FURTHER INFORMATION 





Pittsburgh 19, Pa. 


Offices; Pittsburgh, Chicago, Detroit, Los Angeles, New York, San Francisco 
Sales Representatives: Edgar L. Fink, Detroit; Brumley Donaldson Co., Los Angeles, San Francisco 


Subsidiary: Cleveland Tungsten, inc., Cleveland 
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Plants: Washington, Pa., York, Po. 





AL 
Be 


SCOVILL 


a Partner in your drive 
for Lower Costs 


Here is a new and superior commercial Aluminum Sheet . .. now available 
in a wide range of standard wrought alloys . . . with these outstanding 
advantages for fabricators: 
¢ NEW controlled uniformity of temper throughout each coil. 
¢ NEW control over grain size spread and inherent directional 
properties. 
NEW uniform tolerances on width, thickness, length and 
edgewise straightness. 
Effective aid in minimizing “orange peel” effect and “earing.”’ 
Extra long coils help reduce machine down-time on long runs. 
Clean, smooth surfaces. 
Temper and chemical tests on each shipment to assure meet- 
ing customers’ requirements. 
You will find that these important differences in Scovill’s new TRUSPEC 
Aluminum Sheet add up to differences you can SELL in your fabricated 
aluminum products. Get in touch with us at once for full details. 


Scovill Manufacturing Company, Mill Products Division, 99 Mill Street, 
Waterbury 20, Connecticut. Phone Waterbury 4-1171. 


.  SCOVILL ea, emanate 


BRASS BRONZE * NICKEL SILVER _ ALUMINUM 
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The 


AVERAGE 1,750 HEATS 


The Schaible Company, Cincinnati, Ohio, leading 
producer of plumbing and heating equipment, has 
standardized on Taylor Sillimanite #214 Ramming 
Mix for lining this battery of 17 #600-M Campbell- 
Hausfeld gas-fired crucible furnaces melting 700- 
pound heats—#275 crucibles. Tests have proved to 
Schaible that Taylor Sillimanite (TASIL) linings last 
longer, require less patching. 

One TASIL rammed lining ran 2,051 heats of plumb- 
ing brass per lining. The average is approximately 


1,750 heats. On a semi-continuous operation this 


Exclusive Agents in Canada: 
REFRACTORIES ENGINEERING AND SUPPLIES, LTD. 


Hamilton and Montreal wl 


a 


TASHEL rammen cruciste 


FURNACES AT 


means 1'2 to 2!% years’ service with a minimum of 
patching. This compares to 565 heats average for 
silicon carbide special shape linings with insula- 
tion backup. After considerable testing of other 
refractories, some cheaper, some more expensive, 
TASIL #213 Ramming Mix is the standard refractory 
lining. 

TASIL works equally well in other types of crucible 
and barrel-type metal melting furnaces. Recommended 
for either gas or oil firing. Write for your free copy of 
Bulletin #315. 


Ts. CHAS. TAYLOR SONS<. 


A SUBSIDIARY OF NATIONAL LEAD COMPANY 


REFRACTORIES ATs: 1864 «¢ CINCINNATI *« OHIO « U.S.A. 
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wo LY8-DiE 
QuencueD 

AND TEMPERED 
aé 


WHAT DO YOU WANT TO KNOW ABOUT 


DIE BLOCKS and FORCGINGS 


How they are made? How they are tested? How to make 


dies last longer? How to heat treat? The many uses of 
lorgines? This 92 page booklet tells all about die blocks 
and forgings. In addition there are over 20 pages ol help- 
ful tables and measures including a section on standard 
practices and tolerances for lmpression die forgings 

This booklet is offered tree to users of die blocks and 
forgings to help in the selection of quality products 


what to look for and what to expect from yout supplier 


Please send your request to the nearest Finkl office listed 
below on your company fationery clving your name and 
position 

You can profit from our experience in the manufactur- 
ing of die blocks and forgings. The quality control in each 
step of processing from our own electric steel furnaces to 
the finished product shows in the field in greater perform- 
ance and longer life. Call on Fink! for the finest in die 


blocks and forgings 


DETROIT 26: 2838 Book Bidg. WOodword 1-1315 * CLEVELAND 14: 1914 NBC Bidg. CHerry 1-2939 
PITTSBURGH 22: 762 Gateway Center. ATlantic 1-6391 * INDIANAPOLIS 5: 132 East 30th Street 


y HiCkory 4647 + HOUSTON 1 
HEmlock 4-3333 + ST. PAUL 


PO Sox 1891. CAPitol 2121 * ALLENTOWN: 737 North 22nd Street 
445 Endicott Bldg. CEDar 1600 » COLORADO SPRINGS: 534 West 


Cheyenne Road. MElrose 2-0431 * SAN FRANCISCO 5: Monadnock Bidg. EXbrook 2.7018 + SEATTLE 4 


1879 1954 


VY WU 


f 
f. 


3104 Smith Tower. SENeca 5393 * BIRMINGHAM: PO Box 1606. 7-1603 + KANSAS CITY 6: 950 Dierks 
Bidg. HARrison 1060 * Western warehouse LOS ANGELES 29: 1001 North Vermont Avenue. NOrmandy 


en wn! ER 7 3-2141 * Eastern warehouse EAST CAMBRIDGE 41: 250 Bent Street. ELliot 4-7650 
15 AWRIVERSARY 


MANUFACTURERS OF THE 
LARGEST FORGINGS IN 
THE MIDOLE WEST 


2011 


FORGINGS + DIE BLOCKS > 


A. Finkl & Sons Co. 


SOUTHPORT AVENUE + CHICAGO 14 


ELECTRIC FURNACE STEELS 
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Johns-Manville announces the development of 


new SIL-O-CEL I6L 


Insulating Fire Brick... 


Combines outstanding 


04 


Lompoc, California, where Johns-Manville mines and 
processes diatomaceous silica insulating materials 


physical and 


thermal properties for furnace service to 1600F 





Check these properties of 
SIL-O-CEL I6L 


Maximum service temperature 
1600F, back-up or exposed 


Approximate density 
33-35 Ib per cu ft 


Transverse strength 60 psi 
Cold crushing strength 350 psi 


Linear shrinkage 
0.7 percent at I600F 


Reversible thermal expansion 
less than 0.1 percent at I600F 


Thermal conductivity 

(Btu in. per sq ft per 0.92 at SOOF 
F per hr at indicated 1.07 at lOOOF 
mean temperatures) 1.22 at ISOOF 











I—has less than 0.1% reversible thermal expansion at I600F 
2—provides high load-bearing strength 
3—for direct exposure or back-up service 


Here is a new development of Johns- 
Manville insulation and refractory re- 
search. Its exceptional characteristics 
provide important savings in furnace 
construction. Made of diatomaceous 
silica, Sil-O-Cei* 16L Insulating Brick 
is light in weight .. . has low thermal 
conductivity...high structural 
strength. And where furnace linings 
are subjected to severe heat shock or 
where high load-bearing properties 
are needed, Sil-O-Cel 16L offers out- 
standing performance. 

Sil-O-Cel 16L is now available. 
Samples will be sent on request. Also 
available without obligation is Book- 
let IN-115A, which describes Sil-O- 


Cel 16L and other J-M Insulating 
Brick and Insulating Fire Brick for 
service to 3000F. Write Johns-Man- 
ville, Box 60, New York 16, N.Y. In 
Canada, 199 Bay Street, Toronto 1, 
Ontario. 


*Si1-0-Cel is a Johns-Manville registered trade mark 





Replaces SIL-O-CEL Natural Brick 
The development of Sil-O-Cel 16L 
Insulating Brick has resulted in the 
discontinuance of Sil-O-Cel Natural 
Brick. The outstanding properties of 
Sil-O-Cel 16L make it the ideal re- 
placement for Sil-O-Cel Natural Brick 
for back-up use. In addition, the prop- 
erties of Sil-O-Cel 16L Brick extend its 


use to exposed service applications JM 











Johns-Manville Firstin INSULATION 
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GALVANIZED SHEET — Industrial Atmosphere 








ONE OF the most persistent problems confronting the iron and 
steel industry is the prevention of corrosion; its persistence stems 
from the fact that we cannot rid ourselves of the agents which effect 
the corrosion without, at the same time, ridding ourselves of elements 
— air and water — which are essential to life itself. 

Iron does not occur naturally in the metallic state, but only in 
combination with oxygen and other elements in the form of ore. 
The smelting of iron is essentially a process for removing the oxygen 10 15 20 25 30 
from the ore by the application of heat; while rusting is, in essence, YEARS to FAILURE (perforation) 
the TEVerEIOR of the metal to its natural state by recombination ¢ “The most important factor in determining the lives of zinc 
with the oxygen in the air. The rusting process, being electrochemical coatings in industrial atmospheres is the weight of zinc applied.” 
in character, is actually far more complicated since the moisture from U.S. Bureau of Standards, Circular #80 
and impurities present in the air play a very important part. There ' : 
is thus a close relationship between the processes connected with _¢, The remarkable protective effect of zinc on iron ts due teat 
the preservation of organic tissue and the prevention of rust. How- zinc in preference to iron if the two are in contact. Rusting of 
ever, while human beings stave off the decaying or “rusting” of iron does not occur even at scratches OF cut edges of 0 omen 
their tissues by nutrition, no means have been developed for “feed- aA 6 CS 
ing” or regenerating iron and, until such time, industry has adapted 
the ancient Egyptian practice of “embalming.” GALVANIZED WIRE — Industrial Atmosphere 

The most widely used method of “embalming” iron and steel — 
products to prevent their decomposition is by galvanizing, i.e., 
zinc coating. The fact that, for many years, nearly 50% of all the 
zinc consumed annually in the United States is used for this pur- 
pose, is ample evidence of the firmly established position of the 
metal as industry's most effective “sacrificial” weapon in its unceas- 
ing combat with the ravages of rust. 


ST. JOSEPH LEAD COMPANY 
250 PARK AVENUE, NEW YORK 17, N.Y. 
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YEARS TO 100 PERCENT RUST 








wt. of zine coating (oz. per sq. ft.) 
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... With 


CRUCIBLE 


stainless steel castings 


A large shell manufacturer had a serious problem. Cast 
iron shell holders, used in the hardening furnaces where 
temperatures go up to 1600 F, burned out and crumbled. 
Frequent replacements and costly shutdowns were nec- 
essary. 

The casting shown above (Crucible Type 309) proved 
the answer to the problem. This sand casting of heat- 
resistant stainless steel, and hundreds like it, are out- 
performing their iron predecessors . . . and seem headed 











5A. years of. Fine steelmaking 


for a practically limitless life. 

It will pay you, too, to take full advantage of Crucible 
castings. They are available in a wide range of stainless, 
tool and special alloy grades, and to meet conditions of 
corrosion, high-temperature, wear or abrasion. And 
Crucible—leading producer of special steels—controls the 
steel used, from furnace to finished casting. You can be 
sure of sound, uniform castings of the highest quality 
when you call Crucible. 


|CRUCIBLE| first name in special purpose steels 


STAINLESS CASTINGS 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


REX HIGH SPEED * TOOL * 


REZISTAL STAINLESS * MAX-EL * ALLOY * SPECIAL PURPOSE STEELS 
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Are your automatics turning out what they could? 


Let's say you've checked the machine itself. The tools. 
The setup. The feeds and speeds. And you find them O.K. 


You may still be missing your peak production because 
of the steel you're using. 


Many manufacturers have found that switching to 
Republic Cold Drawn Alloy Steels has given them 
the qualities they want in steel parts. And it’s also 
given them the cost-cutting advantages that are built 
into high-speed automatics. Here’s how it works. 


Designers can make full use of Republic Cold Drawn 
Alloy Steel's high strength and uniform structure. 
Production men get the ideal combination of wear- 





ability and strength from the uniform hardenability 
and toughness of alloy steel. 


And you get uniform machinability as well. 


Republic’s 3-D Metallurgical Service is ready to help 
you get the best out of Republic Cold Drawn Alloy 
Bars. A phone call to your nearest Republic District 
office may uncover the answers to some of your tough 
cost and production problems. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division + Massillon, Ohio 


GENERAL OFFICES ” CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N. Y. 








Fine 
6-- & Surface 


Accuracy 
of Section 





High 
- Hardenability Strength 
Close Tolerance 


Other Republic Products include Carbon and Stainless Steels — Sheets, Strip, Bars, Wire, Pig tron, Steel and Plastic Pipe, Bolts and Nuts. Tubing 
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Lepel CLA 


LOW COST - PORTHELE 


HIGH FREQUENCY —_ 


aductlon ® oo 


HEATING UNITS cre 
LEPEL} 








el 


~ ae for 


Production Heating of small parts MODEL T.2¥4-1 


Electronic Tube 
Operated 


Research Laboratories $1620 


Tool Rooms f.0.b. factory 
moveL 2 Kw Machine Shops 


Seark Gap Operated 


$870. Educational Institutions 


f.0.b. factory 


The Lepel line of induction heating units represents the most advanced thought in the field of 
electronics as well as the most practical and efficient source of heat yet developed for industrial 
heating. With a background of half a century of pioneering electrical and metallurgical experience, 
the name Lepel has become the symbol of induction heating equipment embodying the highest standards 
of engineering achievement, dependable low cost operation and safety. 


Amazing in its speed, Lepel equipment reduces the time required for hardening, annealing, stress 
relieving, brazing, soldering and melting from minutes to seconds. It performs these operations 
with a degree of precision and uniformity rarely attained through other processes. 


MODEL T-! 
Electronic Tube 


LEPEL Electronic Tube GENERATORS available from 1 kw to 100 kw. Gowetes 
LEPEL Spark Gap CONVERTERS available from 2 kw to 30 kw. 3885. 


f.0.b. factory 
WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages 


pecked with valuable information on high frequency induction heating. 


ANNEALING 
HARDENING - Ideal tor an.\ (79% 
. Heat tocal-| - om , ; : nealing iff ‘quantities of 
| //\\ ized exactly - ° ; S185 - reliey. : ferrous and 
\ where wanted ¢ ¥ ing, : . »non - ferrous 
ot desired jons - ; . | metals in either graphite 
, |temperature. Ideal for gears, the vse ” or ceramic crucibles. 
cams, bearing surfaces, cut- 
ting tools and other areas 
that ore subject to wear. 





All Lepel equipment is certified to comply with the requirements of the Federal 
Communications Commission. 


LABORATORIES, INC. 


o5th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y. 
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der ch 


available through your 


Meet the brand new line of Brown recorder charts and inks . . . the finest “team” 
ever developed to give you the peak in recording performance on your Brown 
instruments. 

The new strip and circular charts are made of the highest grade pulp, quality 
controlled for perfect appearance and texture. They’re given a special internal 
and external sizing to produce a superior writing surface that won't feather or 
strike through. Stretching and shrinking due to changes in humidity are prac 
tically eliminated. 

The new inks are custom-made to write sharp, clear records on the new papers. 
They dry quickly ... yet give minimum evaporation in the pen reservoir. A 
selection of brand new cclors is available, including a deep black suitable for 
blueprint reproduction. 

Ask your local Honeywell Supplies Man about these new papers and inks . 
and about the economical, convenient HSM Plan for purchasing pyrometer 
supplies. Call him today .. . he’s as near as your phone. 
MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 


REFERENCE DATA: Write for new Booklet, “The HSM Pian for Purchasing Pyrometer Supplies.”’ 


Honeywell 


BROWN INSTRUMENTS 


. e 
| fin WU Coritiols 
Fast Service on your orders for charts,and other 


pyrometer supplies, ts expedited by this teletype 
equipment at Honeyur stock headquarters, 


WOME TALL 








Metal | ° 
Progress 


s BULLETIN 
BOARD 


THE BUYERS GUIDE FOR METALS ENGINEERS 





o \FINISHING TIPS 


Chrome finishing for decorative 
hood ornaments—such as the 
"Rocket''—shown on this car 
is a plating problem .. 
o— to the experienced plater. 
5 know-how in engi- 
neering has answered this prob- 
lem! They have designed an 
efficient rack, with accurately 
spaced robber bars, which pro- 
duces a uniform chrome de- 
— free from any shading or 
urning. 
You too can take a timely fin 
ishing tip from NARACO Plat- 
ing Rack and Fixture Service by 
calling your nearest NARA 
Plant—today! 


NARACO 





NATIONAL RACK CO. INC, aPERIAL RACK CO. INC. AmeaiCan Rack CO, weamyeTenal, Rack CO. 


179-18) Medison Street 


OVE, Stewart Avenve 
Paterson, New Jersey 


Flint, Mich, 


Root Street 


N Sen Fernando Roed 
on KA, m 


y Angeles, 65,Ce! 











@ Economica! 
@ No Change in Dimension 
@ Corrosion Resistant 
@ Perfect Uniformity 
@ Non-Technical 


The Black Oxide Finish That 


Penetrates lron & Steel Surfaces 





PURITAN MANUFACTURING CO. 
WATERBURY, CONN. 





R 


QUEOUS SYSTEMS 


Grade “C-W-25" 


Non-tlammable 
Non-toxic 

Aqueous Oily Film 
Protects Ferrous Parts 
for long Periods 
Indoor Storage 


Write for free somple ond brochure 
‘ Specify Grade ‘'C-W-25"' 
PRODUCTION SPECIALTIES, INC 


755 BOYLSTON STREET 
BOSTON 16, MERSS 








2(). 


Ce ntury 


persuasi re 
abrasive 


Whether your concern is cast 
ings, forgings or metal parts, 
make 20th Century *Normal 
ized shot and grit a part of 
your straight-line produc 
tion operation, 


The high uniformity and greater 
durability of 20th Century 
Normalized give you maxi 
mum efficiency, increased econ 
omy, and a quality product 


New catalog No. 1153 0nrequest 


THE CLEVELAND Prem CO. 


836 East G]th Street + Cleveland 8, Ohie 
Howell Works: Howell, Michigan 


One of the world’s largest producers of 
quality shot, grit and powder — Hard 
Tron Malleable (* Normalized C1 

Wire — Cast Steel (Realateel 


*Copyrighted trade name 





A 
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Do you know the TECHNIC METHOD 
of Electroplating 


RHODIUM? *:. 


TECHNIC 
5 5 A [| 
Providence Rt Je Island 

JAckson 1-4200 


MANHAT TAN LARGEST ENTERPRISE OF ITS KIND IN THE 


Abrasive Wheels — Cut-off Wheels LIST NO IN INFO.COUPON PAGE 64 
Finishing Wheels—Diamond Wheels 





Custom-made for your specific 
material removal problems 


aon Snagging— Billet 
rfacing—Centerless Grinding mana ite’ 
Cutting and Surfacing concrete, HOW 1 | 
en BRIGHT GOLD 


“*Meldiscs”’ for rotary sanders 


Grinding and Finishing PLATING BRIGHT a <aite., 
stainless steel welds 
= Seating without scratch FOR INDUSTRIAL and 
nishing : 
Finishing Tools and Cutlery brushing or DECORATIVE USES 
Cutting-off—Wet or Dry Bars, Tub . ’ 1. Exceptionally hard deposits — twice 
ing, a etc. Tent Cute buffing ° the hardness of conventional 
standard end reinforced wheels gold plating. 
Grinding Carbide Tipped Tools GOLD 2. Operates at room temperature — re- 
e SILVER quires absolute minimum control. 














N INFO COUPON PAGE 64 




















3. Excellent metal distribution and 
Write to Abrasive Wheel Department RHODIUM “throwing power.” 
MANHATTAN RUBBER DIVISION Dept. BB, 229 Main Street 
$2 TOWNSEND ST. + PASSAIC N. J. Belleville 9, N. J. 
EDED vexing EQuiPMENT || peceueemunnne 
Grade "B" 
° ° MET PROCESS 
¢ Hairpin Hooks * Sheet Crates —_—.. 
° Steam Jets * Chain Fire Hazards 
Toxicity 
Degreasing 
Write for free sample and brochure 
PRODUCTION SPECIALTIES, INC 
755 BOYLSTON STREET 


Raybestos-Manhattan, Inc. » = SEL-REX PRECIOUS METALS, INC. 
FABRICATED MONEL RUST: LIC 
A 
FERROUS 
Rust 
¢ Mechanical Bar, Tube and Coil Picklers Dermatitis 
THE YOUNGSTOWN WELDING & ENGINEERING CO. a 


3721 OAKWOOD AVE. . ecenth Ech week’ s. bmen une 





94 ON INF N PAGE 64 
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(wold Plating Rejects by | WORE 


Getting Clean Metal Surfaces With ; : 
PROMAT ACID ADDITIVE wonder drug 


Promat acid additive is 
actually an accelerator 
—not an inhibitor, It 
assures complete and 
uniform removal of hot 
rolled or heot treat 
scale—rust—or oxide 
film. 


for industry 


TRY a one-gallon can 
of £7073 in your shop 
—DISCOVER the time- 
saving, money-making 
advantages now! 


Send today for a 

j : tins on the complete 

es ee Swift line of metal 

$5.00 finishing and treating 
Postpaid compounds 


Make expensive tUme-consuming 
operations like filing, grinding, 
polishing, blasting, buffing a thing 


of the past with New Amazing 
INDUSTRIAL CHEMICAL CO. y SUPERSHEEN SPEED FINISH 


Canton Connecticut ING 











It absolutely does away with cost 
ly hand deburring and other hand 
operations requiring the use of 


PAGE 44 





large quantities of expensive ma 
terials and costly skilled labor 





A single unit replaces from 2 to 


12 men. Savings up to 95% on 
Pian to Attend almost ALL types of parts with 


absolute uniformity, fewer rejects, 


the finer finishes 


METAL 
SHOW 


Chicago ALMCOMY. x atlas 


November 1 to § amunicas caectst mane 


FINISHING EQUIFMENT marten 


Investigate today! 


ALSERT LEA MINNESOTA 


1954 

















for all 
industrial 
requirements 


for de-greasing — pickling 
anodizing — plating 
materials handling 
small-parts storage 


of any size and shape — 
any ductile metal 
by 
THE C. O. 


JELLUE Fc: 


Southport, Conn. 


SPODOSSSS8SSSSSSSS8SS8S888 





Here's an 
example... 


Courtesy The Poly Choke Co 


Du-Lite gave this part with its compli- 
cated knurls, slots, threads, etc. a fine 
rust-resistant durable black finish. It is 
typical of many other parts, small and 
large, which have been black oxidized 
by Du-Lite for many years. Moreover, 
Du-Lite meets most individual and 
government specifications including 
57-0-2C for Type Ill Black Oxide finish. 


Typical Du-Lite installation 


Du-Lite installations are simple, compact, 
easy to operate. Du-Lite equipment can 
be tailored to fit production require- 
ments on all types of jobs with a maxi- 
mum of speed ond economy. Du-Lite 
also makes a complete line of cleaners, 
strippers, wetting agents, passivating 
agents, rust preventatives, burnishing 
compounds etc. for any metal finishing 
application. 
See your nearest Du-Lite Field Engineer 
or write for more information. 


DU-LITE CHEMICAL CORP. 
MIDDLETOWN, CONN. 


Rush information on your metal 
finishing products. 


Name 
Company 


Address 


Du-Lite 


METAL FINISHING PECIALI ! 


LIST NO. 103 ON INFO.COUPON PAGE 44 
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On any steel blackening problem 
DEPEND onDU-LITE 
for a Superior Finish 





Inspection 
Demagnetizing 
or Sorting 


PROBLEMS? 
SOLVED with 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 


Electronic Equipment for non-destruc- 
tive production inspection of steel bars, 
wire rod, and tubing for mechanical 
faults, variations in composition and 
physical properties. Average inspection 
speed 120 ft. per minute. 

Over 50 steel mills and fabricators 
are now using this equipment. 





MAGNETIC ANALYSIS 
DEMAGNETIZERS 

Electrical Equipment for rapid and 
efficient demagnetizing of steel bars 
and tubing. When used with Magnetic 
Analysis Multi-Method Equipment, in- 
spection and demagnetizing can be 
done in a single operation. 





MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instruments for production 
sorting both ferrous and non-ferrous 
materials and parts for variation in 
composition, structure and thickness of 
sheet and plating. 





MAGNETIC ANALYSIS 
MAGNETISM DETECTORS 
Inexpensive pocket meters for indi- 
cating residual magnetism in ferrous 
materials and parts. 








For Details Write: “THE TEST TELLS” 


MAGNETIC ANALYSIS CORP. 


42-44 Twelfth St., Long Island City 1, W. Y. 








A 








Alexander 


SHEET METAL TESTER 


For Erichsen Test 


Determines 

workability 

of ferrous, 

non-ferrous and 

fine metal sheets 

and strips to point of fracture. 
Reading —accurate to 0.0004”. . . 


Write for Catalog 


J. ARTHUR DEAKIN & SON 
150-28 Hillside Ave. + Jamaica 32, WN. Y. 








If you want to perform 
Tensile or Brinell testing operations 
quickly and simply — contact 


Detroit Testing Machine Company 
9390 Grinnell Ave. + Detroit 13, Mich. 


AGE 44 


KENTRON 


MICRO 
HARONESS TESTER 


KNOOP 


Applies 1 to 10,000 gram loads 
Write for Bulletin 


Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON 


NEW JERSEY 











ALL TYPES OF 
LABORATORY 


FURNACES 


BY 


Boder 


LIST NO. 55 ON INFO-COUPON PAGE 64 
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MANY TYPES OF TUBE 
FURNACES 


SCIENTIFIC COMPANY 


719 LIBERTY AVE., PITTSBURGH 22, PA. 
PHONE: ATLANTIC 1-5525 








U-TYPE + WELL TYPE * DUAL TUBE 


FLOW METERS 
DRAFT GAUGES 


For measuring pressure, 
vacuum and differential pres- 
sure of liquids and gases. 
Also a complete line of 
accessories. 


ASK FOR CATALOG C-12 
THE MERIAM INSTRUMENT CO. 


10932 MADISON AVE. 
CLEVELAND 2, OHIO 


@ U-TYPE MANOMETER 
+ 











LIST NC 


ULTRASONICS 


for rapid, accurate, non-destructive 
THICKNESS MEASUREMENTS from oneside 


and accelerated METAL CLEANING 
VIDIGAGE Automatic Thickness Tester 
Direct-Reading 21” Cathode-Ray Tube. Infinite Ranges 2:1, as selected, 
between 0.015” and 6” of steel or equivalent. Accuracy 0.1% —1.0% 
according to use. 


AUDIGAGE® Portable Thickness Testers 


Battery-Operated. Ranges 0.020"-4" and 0.060"-12" of 
steel or equivalent 


¢ > SONOGEN Ultrasonic-Power Generator 


for Metal Cleaning and other Industrial uses. 


RANSON | 
STRUM L\ | ‘. Literature 


iettia on Request 


— 


= a 
439 FAIRFIELD AVE STAMFORD+- CONN 


i INFO. PON PA 64 





IN 


: \ 


UNDER ONE ROOF... 


at LAKESIDE 
STEEL IMPROVEMENT 


Your most comprehensive, complete 
scientific steel treating services 


Electronic Induction Hardening, Carbonitriding, Fiame 
Hardening, Heat Treating, Bar Stock Treating and 
. Straightening (mill lengths and sizes), Annealing, Stress 
Relieving, Normalizing, Pack, Gas or Liquid Carburizing, 
Nitriding, Speed Nitriding, Aerocasing, Chapmanizing, 
Cyaniding, Sand Blasting. Laboratory Physical Testing. 








S418 LAKESIDE AVE, CLEVELAND 14, OHIO HENDERSON 19100 





we-mmas-veor-oo LINDBERG STEEL TREATING CO. 


LIST NO. 38 ON INFO-COUPON PAGE 64 
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in one continuous operation 


AUTOMATICALLY 


Parts are conveyed automatically through 
2 vas-fired hardening furnaces and into 
the quench tanks, from which the lines 
converge for direct conveyance to the 
METALWASH Spray 


quenching oil is 


Washer, where 
removed prior to 
tempering 


The METALWASH Spray Washer conveys 
the work directly into the continuous 
tempering unit. Combination washing 


and tempering machines also available 


Write today for information about the 
METALWASH way to Heat, Quench, Wash 
and Temper AUTOMATICALLY. 


METALWASH 


Quench Tonks ond T 
prcKtined Or vin, 
was ete 


METALWASH MACHINERY CORPORATION 
908 North Avenue, Elizabeth 4, N. J. 


In Canada, Canefco, Ltd., Toronto, Ontario 


N PAGE 64 


for 
Every Heat Treating 
Process 


* 
CONTROLLED 
ATMOSPHERES 
* 
DIRECT FIRED 
* 
CIRC-AIR DRAW 
FURNACES 
. 
CIRC-AIR NICARB 


(CARBONITRIDING) 








az oO » 
Specially Engineered 
for 
Your Particular Needs 
. 


GAS « OIL ¢ ELECTRIC 





INDUSTRIAL 
HEATING EQUIPMENT 











FOR ALL YOUR 
BASKET and FIXTURE 
44 


Style #13 in salt hardening bath application 


Representative Inquiries Invited. 


Specialists in Processing Carriers Since 1932 


5 Mason St., Bridgeport 


LIST N 14 ON INFO.COU A 
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BASKETS @ RETORTS 
MUFFLES « GRIDS 
SCREENS « RACKS 
for Quenching, Carburizing, 
Salt Bath, Dry Heat Applica- 


trons, etc 


5, Conn. 








HERE’S 
HELP 


for your 

engineer- 
recruitment 

problem 


Engineers’ Joint Council 
and The Advertising Council 
offer free, expert help to 
advertisers promoting engi- 
neering as a career. 


A booklet has been prepared 
by The Advertising Council in 
cooperation with the Engi- 
neers’ Joint Council to help 
you in recruiting engineers for 
the future. 


1. It tells you what the problem 
is and the important part you 
can play in solving it. 


. It outlines the advantages ot 
an engineering career to 
help your company develop 
advertising appeals. 


. It informs you as to the cur- 
rent activities of industry in 
the education and recruit- 
ment of engineers. 


. It offers specific suggestions 
as to what you can do (from 
present manpower). 


It provides material that you 
can use in your own local 
and national programs. 


Many companies are using this 
booklet today. They say that it 
helps in orienting their engi- 
neer-recruitment advertising to 
industry-wide recruitment pro- 
grams. Send for the booklet 
now. Address: The Advertis- 
ing Council, Inc., 25 West 45th 
St., New York 36, N.Y. 


This space contributed by 


American Society for Metals 











Designed FOR YOUR SPECIFIC REQUIREMENTS 
@ Motor-Mix Burners 
@ Model DA Mixers 


@ Flame Retention Nozzles 
@ Accessories 

@ Western Safety Valves @ Inspirator-Mix Burners 
@ Injector-Mix Burners @ Blowers 
@ Multiport Burners 


@ Custom Built Equipment 
Free descriptive literature on request 


WESTERN PRODUCTS, Inc. 


General Office 
New Castle, Ind 


549 W. Washington Bivd 
Chicago 6, | 


LIST NO. 93 ON INFO-COUPON PAGE 64 








co € 


Single Stage 
8 oz. to 20 of. Pressures 


@ Designed to meet your capacity 
and pressure requirements. 


@ Maximum Efficiency — 
power consumption is proportional 
to air volume delivery 


@ Constant Pressures assured 
through properly designed case, 
air inlet and impeller 


Write for Bulletin 100-53 


“~r’ WESTERN PRODUCTS, INC. 





.. + OFFERS 


the most advanced 
Salt Bath Furnaces 


FOR 1.22 


BATCH 
TYPE 
WORK 


°o 


CONVEY ORIZED 
TYPE 
WORK 


°o 


ALUMINUM 
BRAZING 


UPTON ELECTRIC FURNACE CO. 
16808 Hamilton Avenue 
Detroit, Michigan 
Phone: Diamond 1-2520 


NEW CASTLE, IND. 








. 


CARBURIZING 
BOXES 


— - a 


i 


ia 


‘etl 
- 


UPON PAGE 64 


BASKETS 


oe say ee ene : , Te. ee " 
vets x 


FWe make containers and fixtures of all types—™ a 


‘e 


‘tor handling parts in heat treating, quenching, 
pickling, washing and anodizing operations. 
If what you need isn't shown in our catalog, 


we'll design and build it for you. diigm 
REPRESENTATIVES IN PRINCIPAL CITIES “SRaanmum 
- oe 49, 


4 
e 


CHICAGO 39, ILLINOIS 


RETORTS 


4817 W. CORTLAND ST. 


FIXTURES TRAYS QUENCH TANKS 
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3 SIMPLE STEPS... 
TO SOLVE ALL YOUR 


HEAT TREATING PROBLEMS! 


Coat piece with Phoenix fast... inexpensive way to expand your 
Brand NON-SCALING plant facilities. Choose from 27 Models. 


COMPOUND, o dry, For Instance: 1. You save time and money by keep- 
' ing heat treat jobs for small parts 
easy-to-handle powder. | in plant. 
2. It’s easy to establish a new depart- 
Harden or anneal piece ment at small cost in proportion to 
i hal aos benefits which result. 
ere 3. Cooley heat treat furnaces pay for themselves 
powder forms protective through savings in time and subcontracting costs. 
coating completely seal- 4, Heat treat operations are easily performed with 


: : ; Cooley designed furnaces. 
ing piece from air. 


Write now for Catalog 

giving complete details 
LECTRIC MANUFACTURING CORP 
water to remove protec- . 30 SO. SHELBY ST. + INDIANAPOLIS, IND 


tive coating. Coating 


If necessary, boil in plain 


PAGE 64 





comes off quickly, easily— 


ag abd : 
giving you @ bright scale-free, pit-free : DETROIT’S BETTER zs DEM PSEY 
mais./. norris | eaTmeateR || FURNACES 


ooeee ss —= ses 
qa err Sy a GAS, OIL AND ELECTRIC 
oa LS BATCH e CONTINUOUS 








OFFERING FACILITIES FOR: 2 
ALUMINUM-cap. 500,000# Pew aa: * 


ATMOSPHERIC - RECIRCULATING- 




















EVERY TIME! fe 


© $ : CONVEYOR — RADIANT TUBE - POT 
Sa TIME! Save MONEY! 4 ‘ib A os . = 
Send for a trial order TODAY! yy ; CAR-BOTTOM- ALUMINUM REVERBS. 
— Satisfaction guaranteed — : y . “Tailored by Dempsey” 
2 Ib. con — $6.00 ORDER TODAY FROM - 
5 |b. can — $15.00 YOUR LOCAL 
15 Ib. can — $41.25 DISTRIBUTOR 


25 \bs. or more — 
$2.50 per Ib. OR WRITE 


: 3 : 
2MUTE PARTS 10 2-10n cues: PUSHER — ROTARY HEARTH — 














THE PARKER STAMP WORKS, Inc. STANDARD STEEL TREATING CO. DEMPSEY INDUSTRIAL FURNACE CORP. 


ESTABLISHED 1871 


3467 LOVETT AVE. DETROIT 10, MICH Springfield 1, Mass. 
HARTFORD, CONNECTICUT 


Phone TAshmoo 5-0600 





ON INFO-COUPON PAGE 64 LIST NO. 40 ON INFO-COUPON PAGE 44 








the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 

A complete summary of Hays products applicable to Quenching Olls wih 
QUENZINE added 

processes such as annealing, brazing and calorizing. For information on 
Scope includes various methods of firing (under- this new additive and 
fired, overfired, sidefired), fuel burned (gas, coal, other Beacon Brand 
oll), and type of furnace (continuous, rotary hearth, on ane oy Ria 
slab heating, etc.). Satie 


Hays complete line of draft gages, flow gages and 
meters (for high and low pressure gases and liquids), 


portable gas analyzers and automatic CO, recorders 
are covered. 


Write for bulletin 51-750-51 ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th &t., Cleveland 11, Ohie 








N j N INFO-COUPON PAGE 64 
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STEELWELD Bending Presses and 


sreeiweld - 
enviable 
e 


oll ern 


For Press data write 
for Catalog No. 2010 
> 


The Cleveland Crane & Engineering Co. 
5952 East 281 Street Wickliffe, Ohio 


For Shear dota write 
for Catalog No 2011 








FROM BLANK TO FINISHED PART IN 
ONE OPERATION by 
SCHNELL PROCESS of Deep Draw Dies 


On half tank sections formerly requiring 
three drawings and two annealing opera 


ENGINEERING ALLOYS 


by N. E. Woldman 


This up-to-the-minute book 
lists over 19,000 alloys by 
trade name and gives their 
properties, compositions and ness. Whatever your stamping. drawing or 


typical applications. All im- die problem may be, there is a Schnell 


portant commercial alloys are 
shown 


1056 pages of valuable infor- 


tions with scrap running as high as 50°o!! 
The Schnell process reduced scrap loss to 
1° or less ... and production increased 
tremendously. Other advantages include 
better metallurgical properties, less meta! 


process for doing the job faster, more effi 
ciently and less expensively. Schnell has 
complete engineering and plant facilities 
Write for information on how you too may 


eliminate operations and reduce production 


mation, generous index and ta- distortion and a more uniform wall thick costs. 


CHNELL 


i ee ae 
SALEM, OHIO 


bles of manufacturers and the 
trade names of their products 


Price, $15.00 


AMERICAN SOCIETY FOR METALS 
7301 Euclid Ave. Cleveland 3 























mecsorer =. « Benders Produce Without Special Tooling 


T UP TIME @ REDUCE PRODUCTION TIME 
TOOLING @ FOR BENDING ALL KINDS OF MATERIAL 


@ SAVE ON @ ELIMINATE SPECIAL 


#5HDSB 


‘tustrated above are @ tew uf (he 
many forms that can be produced 
efficiently on the Muitiform 
Bender. using the standard tooling 


WRITE TODAY FOR 
FULL INFORMATION 


J. A. RICHARDS CO. © 913 WN. Pitcher Si, © 








Kalamazoo, Michigan 
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Send for your 
Sample Tube 

of this Amazing 

New Lubricant 


HV SEIZE 


A 


Prove to yourself its extraordinary performance 


Molyiube Anti-Seize is a highly con- 
centrated non-melting molybdenum 
disulphide grease having the phe- 
nomenal capacity to prevent galling 
and seizing at bearing pressures 
well over 100,000 pounds per square 
inch, 1 has excellent lubricating 
qualities at low temperatures and 
elevated temperatures up to 750 F. 


BEL-RAY COMPANY, INC. 


MADISON, NEW JERSEY 
IN PAGE 64 





| 


FORMED 
SHAPES 
Reduce your assembly problems and costs. 
Our shapes continuously formed, with high 


degree of accuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


ROLL FORMED PRODUCTS CO. 


MAM OFFICE AND PLANT 
376! CAKWOOD AVE . YOUNGSTOWN, Owi0 


LIST N N INF N PA 64 
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Cut Costs With 


FREE 


Cutting Oil Chart 


Use this free cutting oil chart as a handy 
gvide to production costs and to more effi- 
client machining operations. 

Steel and nonferrous metals are charted 
with the proper cutting oil for many appli- 
cations. Shows you 

how to use lubricants, 

sulphurized or com- 

pounded with extreme 

pressure additives, for 

all operations. 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th &t., Cleveland 11, Obie 











WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


Teitay | 


STAINLESS STED. 


au TYPES OF 


STAINLESS STEEL 
FASTEMINGS 


G-ame (hee [oe pesca 4-1240 
218 aha Avenue * Paterson 2, N.J. 
Direct NEW YORK Telephone: Wi 7-904! 


4 ON INE PON PAGE 64 


Drove| 


Prove to your own 
satisfaction that the 
MOLYKOTE line of 
industrial lubricants 
is one of the most 
spectacular contri- 
butions to metal 
progress in’ many 
decades. Send for 
free literature today 

relate Medal taMmolae loi 
a trial supply 


OLYROTE 


gs! 
wpustRY mo 
\ 


THLE * 


, uBricANt 
VERSA 


The tremendous lubricity of 
MOLYKOTE depends on the 
unique molecular structure of 
the compound. Read the story 
behind its development and the 
ee 
other lubricants. 


Send for free catalog today! 








ask SESSIONS 


° 
STAMPED ASSEMBLIES 
SAVE TIME & MONEY 


Send samples 
or prints for 
quotations 

on special 
stampings and 
sub-assemblies. 





291 RIVERSIDE AVENUE @ BRISTOL, CONN, 











Plan to Attend 


the 


METAL 
SHOW 


Chicago 
November I to § 
1954 























CENTRIFUGAL 
CASTINGS... 


Getter 


for most castings 


Gest 


to prevent gas and 
liquid leaks 
For details, write for booklet. 


American Non-Gran Bronze Co., 
Berwyn, Pa 





A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min 
imum — 36% 


moanzimum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 





. 
Metal Progress is now 
-_ . 
in its Second year as 
. 
one of our clients 
from solid stock ss 
bored hole and 


drilling and tap ss 
The Eastman Editorial Research Service is a ping for set screw 
critical and advisory service to publishers 
for the sole purpose of developing and main- NGINEERED 
taining better readership. E STING co. 


Exclusive to one publication in a field. PRECISION cA 


Only finish oper 
ations required 
ore reaming small 
dia. of counter. 


See 
Maurath, Inc. 
For 








Stainless and 

Heat Resistant 

ARC WELDING 
ELECTRODES 


} AUTOMATIC WELDING 
All Analyses - Coated, 
Straightened - Cut - 
Coiled and Spooled 


Use of the Eastman service by Metal Progress 
is an implied guarantee to its readers of 
continuing editorial progress. 


MORGANVILLE, N. J. 


The Eastman Research Organization 
500 Sth Avenue e@ New York 36, N.Y 











GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


A CABLE SPLICED 
IN 10 SECONDS! 











Bs 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, bevy 


ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 
2070 E. Gist Place, Cleveland 3, Ohio 


Write for Caddy Catalog 











. MAURATH, Inc 


21830 MILES AVENUE 
NORTH RANDALL 22, OHIO 








Phone: MOntrose 2-6100 “ 
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STRENGTHEN uss oun WHITELIGHT 
TORN ba bt tb HOEGANAES MAGNESIUM 


PROTECT SPONGE IRON POWDER ‘cargo of magnesiom aley 


your product for ee se 


Powder Wetallurgy Riveted structures and assemblies 
Fabrication 


and other 


Metallurgical Purposes 
EKSTRAND & THOLAND, Inc. WHITE METAL ROLLING 


441 Lexington Avenue - ee es 


New York 17, N. Y. Sales Office 
376 Lafayette St., New York 3, N. Y. 
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The 
“SILVERCOTE'® Metals 


<<". specipy “~~ , : 
RIGID-tex METALS | A) BERYLLIUM) | Sonemoox 


COPPER 1752 Illustrations 
lake that new product of yours, make 


it dent-scuff-scratch-res stant, give it plenty 1057 Tables 
of rugeed impact resistance, reduce its TITANIUM . BRONZES ~« ALUMINUM 803 icl 
weight and double us strength, and finish COPPERWELD + SILVER PLATED WIRES Artic es 

um up oo mum full of buying-eye OTHER NON-FERROUS 1,620,000 Words 


ippeal can do all this when you rs . 

specity Rigid-Tex Metals right into your 40,000 Copies in use 

product designs! Find out for yourself ROUND Wi RE FLAT Hu i book with i 
ere is a book without a competi- 

Send for new I6-page complete catalog gor t nN k ‘itten by aa 
m company letterbead, please-—-or see exalt ei S _— written by more than 

Sweets Catalog la/Ri SPRINGS 500 scientists and engineers for all 


those who need accurate and au- 
RIGIDIZED METALS a thoritative information about met- 


als. The Metals Handbook has been 


SPECIAL PURPOSES of 


25 years in the making. The cur- 





aso as 
; 








rent, 7th edition was compiled and 


LITTLE FALLS ALLOYS written by 68 committees of the 


American Society for Metals; more 
INCORPORATED 


189 Caldwell Ave. + Paterson 1, N. J. 


than 500 contributors were hand- 
picked by the Society as the top ex- 
perts, the men best qualified to write 
the most authoritative possible ref 
erence book on metals, metal prop 
erties, fabrication and uses. The 








on 


book is divided into 37 principal sec- 
tions and contains 803 separate ar- 

7301 Euclid Avenue, Cleveland 3, Ohio ticles and data sheets on metals, 
Please send further information, as checked af the right, on the advertisements in the - properties 


, uses, processing, testing, 
Bulletin Board with numbers | have listed below — 


(Please check) inspection, control and research. All 


Send Catalog Send » Nearest 
or Engineer- Price Source of 
ing Data Info Supply 


metals, all processes, are included 
The 64-page index and 4-page sec 
tion on how to use the book make it 
ss easy to find what you want 
} | ' 
(Bulletin Board Item Number) a L a ' Over 40,000 copies of this edition 
~_ sae J ' are now in use by scientists and 
{ [ J heal : , 
' engineers of all kinds who need ac- 
rt 
L 


[] ; curate information about metals 
one ‘ Order your copy of the 1948 edition 
today. Price is $15.00. 


eo yee ° Pewee fe oe ee @ & 








| 
American Society for Metals, Room 678 
7324 Euclid Ave., Cleveland 3, Ohio 
Rush me a copy of Metals Handbook 
NAME 
COMPANY 
Street ADDRESS 
CITY STATE 
City = ’ $15.00 Enclosed -) Bill me. 


Beeeeweee= ew we es = 


Your Name 


Company 
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combined 


in this basic modern material: 


beauty 


economy 
strength 
practicality 


OU Veneer 


CLAD METAL 


MOULDINGS of SuVeneer Copper or 
Brass Clad Metal exemplify beauty and 
utility in every application mirror 
bright, or satin-finished for rich color, 
as in the table-top sections pictured here 
@ You benefit by lower cost, higher 
strength, standard ease of fabrication 


Write! 


Ask for your copy of our 
widely-read publication, “An 
introduction to Ciad Metals," 
free on request. 


a 


Superior Steel 


CORPORATION 
CARNEGIE, PENNSYLVANIA 






SETS TP 


sere 


IT’S THAT SIMPLE 


So 
= 


has rs 


Here’s the most convenient way 
to make Refractory Concrete: 


ty 


w& CAR TOPS 
% ARCHES % HEARTHS 


+ 


« 


& 7 
wo bg eting hy x any 
2 phe get 


Castable Refractories completely 
eliminate the need of finding suitable aggregates . . . 
and grading them to the right sizes. Packaged Cast- 
ables come to you with Lumnite* calcium-aluminate 
cement and selected aggregates already mixed 
needing only addition of water. The resulting Refrac- 
tory Concrete reaches service strength in 24 hours 
or less. 

This convenient way of making Refractory Con- 
crete speeds work and cuts labor costs. It simplifies 
tough jobs—and some Castables are suitable for use 


at temperatures of 3000°F. or higher. 


REFRACTORY CONCRETE made with Castables is the 


Mi 


adaptable refractory. Easy to place in any size or shape. 


No cutting or fitting necessary when you pour 


% SPECIAL SHAPES 
% CORE OVEN FLOORS 


% HEAT TREATING FURNACES 
% DOOR LININGS 


oP 5 » 
te & aes Giant 


- epemesss 
Bt an Tt ay 
SS ee Ee 


furnace walls, door linings and special shapes. There’s 
no volume change to bother about. Build heat re- 
sistant floors, furnace walls, arches and hearths 
Refractory Concrete withstands severe’ thermal 
shock, resists spalling. 

In fact, you'll find Castables tailor-made for speed 
and convenience on many Refractory Concrete jobs. 


Handy for repairs, too. 


CASTABLES to meet specific temperature and insulation 


requirements are made by manufacturers of refrac- 
tories and sold by their distributors. For further in- 
formation, write to LUMNITE DIVISION, Uni- 
versal Atlas Cement Company (United States Steel 
Corporation Subsidiary), 100 Park Avenue, New 
York 17, N. Y. 


**LUMNITE” is the registered trade mark of the calctum-aluminate cement manufactured by Universal Atlas Cement Company. 





LUMNITE for INDUSTRIAL CONCRETES 


REFRACTORY, INSULATING, OVERNIGHT, CORROSION-RESISTANT 





UNITED STATES STEEL HOUR—Televised alternate weeks—See your newspaper for time and station 
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f Stainless, carbon, alloy and high-speed tool steels 
: é and non-ferrous alloys descaled in from 15 seconds 


hk? to 20 minutes 


| s nek. = 
J pe 


Drawing compounds and pal stripped from metal 


stampings in 50 seconds 


--- faster, better at appreciably less cost 


From removing metallic oxide scale from huge plates, 
coils or bars to desanding molds or cleaning residual 
materials from stampings, the Ajax Electric Salt Bath 
Furnace paves the way to appreciable savings in 
labor, floor space and time. What's more, the work is 
done far more efficiently than is possible with sand- 
blasting, acid pickling, electrolytic anodic cleaning 
or other methods. 


The Ajax Salt Bath Furnace is adaptable to many 
metal and alloy types. Different metals and different 


metal shapes can be descaled simultaneously. The Fi 


bath acts uniformly on all parts of the work including 
blind holes. The process reacts only on scale, sand sr 
residual materials. The base metal is not affected4@nd 
there is no hydrogen embrittlement. First cost@f the 
equipment is low and so is upkeep. Pot and g#ectrode 
life is measured in years and the bath cabe regen- 


A 


erated indefiniteW by the addition of low cost chemi- 
cals. Where gesired, the entire process can be 
mechanized jer highly efficient mass production 


Write today, giving details of your finishing problem. 
Let Ajaxyengineers prove these claims—at not the 
slightegf obligation. Reprinted technical articles on 
cleanfng, descaling and desanding are available on 
reqest. 

4 


4 
¢ 


Before After 


Grease, drawing com- 
pounds, residual rubber, 
carbon biack, plastics, 
paint and enamel re 
moved in minutes with 


less labor 


Residual! sand removed from these pump castings 
by 3-minute bath immersion at 700° F 


AJAX“ ELECTRIC COMPANY 


4 


910 Frankford Ave. 
Associate Companies: 


Philadelphia 23. Pa 
Ajax Electric Furnace Corp.; 


Ajax Engineering Corp.; Ajax Electrothermic Corp. 


ELECTRIC 


SALT 
BATH 


FURNACES 
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Yes, sir! that’s the longest 


elevator lati 
Liew 


| YY # 


When this customer* wanted a plating con- veyors adaptable for practically any treat- | 
veyor, he called in H-VW-M. You see, all ment cycle. They are now in operation for } 
H-VW-M conveyors are custom-engineered all types of plating as well as anodizing, 
to fit the installation—every one is designed pickling, cleaning, phosphate coatings, 
to solve a given production problem—no bright dipping, painting, etching, etc. 
matter how large or small. They’re built to 
handle a wide range of weight, current Full-automatic conveyors are but one of 
loads and lifts. Special features? Whatever the many results of over eighty years of 
the job requires. For example: delayed set- constant electroplating development...a 
down for varying immersion time, treat- continuous policy summed up in H-VW-M’s 
ment by-pass mechanisms, agitation-—rack, Platemanship—your working guarantee of 
air and solution, individual electrical con- the best that industry has to offer, not only 
trol for each rack, and many others. This in plating conveyors, but in every phase of 
flexibility of design makes H-VW-M con- plating and polishing. 
*Ford Motor Company 
aa 
“ “he 


Be 


he 





Write for Bulletin FA-103 for complete information on H-VW-M Full Automatic Conveyors. 


Your H-VW-M combination— HANSON-VAN WINKLE-MUNNING CO., MATAWAN, N. J. 
of the most modern testing PLANTS AT: MATAWAN, N. J * ANDERSON, INDIANA 
and development laboratory OFFICES IN: ANDERSON «© BALTIMORE * BOSTON * CHICAGO 
—of over 80 years experience CLEVELAND * DAYTON «+ DETROIT © GRAND RAPIDS 
in every phase of plating ond LOS ANGELES * LOUISVILLE * MATAWAN © MILWAUKEE 
polishing—of a complete NEW YORK ¢ PHILADELPHIA «© PITTSBURGH * ROCHESTER 
equipment, process and sup- SAN FRANCISCO * SPRINGFIELD (MASS.) * STRATFORD (CONN.) 
ply line for every need. ST. LOUIS * UTICA © WALLINGFORD (CONN.) 


INDUSTRY'S WORKSHOP FOR THE FINEST IN PLATING AND POLISHING PROCESSES © EQUIPMENT © SUPPLIES 
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IF REFRACTORY ‘’A’’ OUTLASTS ‘‘B’’ 4 TO 1 


How Do You Figure 


Their Relative Costs? 


The operator of this forge furnace solved a similar problem 
approximately as follows: He figured the cost of down-time 
for a furnace rebuilding job . . . plus labor costs . . . and added 
the price of the refractories. Then by multiplying the total 
cost of the short-lived material “B” by four, he had a direct 


comparison. Result: he shifted from standard firebrick to a THIS IS AN OIL-FIRED FURNACE used for sharpening 
drill bits. The dull bits go into the right hand opening 
and are heated for 30-40 minutes at 2000-2100 F. Then 
they are dressed, and returned to the left hand opening 
for tempering — about 30 minutes at 1450 F. The bits 
CARBOFRAX™ silicon carbide refractory. It’s used in the side- run 6”-8” in diameter, up to 5’ in length, and weigh 
about 450 Ibs each 


super refractory. 


The “A” material that lasts four times as long, is 


walls, backwall and main arch of this furnace. When pic 
tured, these refractories had already been in service 10 : 

months, 12-13 hrs/day, 6 days/week. And they were still Cc A a ee oO a U he ® af we 
good for many weeks more. In contrast, when clay was used Registered Trademark 

it lasted less than three months — and, of course, the furnace 


often needed rebuilding when in greatest demand Dept. C-74, Refractories Division 


The Carborundum Co., Perth Amboy, N. J. 


Please send free booklet to 


Figure the difference. It has meant savings here. It can 
mean savings to you. The greater abrasion resistance, heat 


shock resistance, and other durable properties of CARBOFRAX NAME poston 
brick add up toa refractory that wears, and wears, and wears. 
tdi. . - COMPANY 
As a starter, send for “Super Retractories in Heat Treatment 


Furnaces.” No obligation, of course STREET 


city 





DO YOU HAVE 
X-RAY INSPECTION JOBS? 


At the American Steel Foundries’ plant in Newark, New 

Jersey, heavy steel castings are easily X-rayed due to 

equipment flexibility. 

1 Constant Potential high voltage generator produces 

more X-rays per KV than any other X-ray generator and 

does it over the range of 30-250 KV. 

Resurts — Materials from less than '4%” aluminum to 4” 

of steel can be radiographed in less time. 

2 Jib crane tubestand carries the X-ray tubehead 6’ ver- 

tically above a minimum 33” target-floor distance and 10’ 

horizontally while moving approximately 270° around the 

vertical column. Additional beam angulation and tube . 
positioning features are built into tubehead mount. A Westinghouse 
small hoist may be added to aid in positioning the part. 250 KV 
Rersurts — Time kept to a minimum for posi- eee - 
tioning the tubehead over the parts despite , . y lib Crane Unit 
their size or position, 

With Westinghouse you have the assurance of 

a coast-to-coast staff that provides the best tech- 

nical service and advice. Call your Westinghouse 

representative, or write to Westinghouse 

Electric Corporation, 2519 Wilkens Avenue, 

Baltimore 3, Maryland. 


X-RAY DIVISION - WESTINGHOUSE ELECTRIC CORPORATION - BALTIMORE 3, MARYLAND 


FLUOREX 

PORTABLE UNITS 
X-ACTRON 

JIB CRANE 
PRODUCTOGRAPH 
MOBILE UNITS 

GRAIN INSPECTION UNIT 
SERVICE 

ACCESSORIES 


you CAN BE SURE...1F ITS 


Westinghouse 
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Try SANDVIK Coromant 


CARBIDE TOOLS DESIGNED 
FOR LONGER-LASTING TOOL “BITE” 





Coremant’s quality and high wear-resistance means 
lower maintenance cost—higher production per tool 


The reasons for SANDVIK COROMANT'S success are 

1 EXTENSIVE RESEARCH COMBINED WITH ENGINEERING SKILL 
Sandvik’s modern metallurgical laboratories 
have developed carbides extremely well suited 
in hardness, wear and cratering resistance and 
strength for every type of material. 


BASIC PURITY OF RAW MATERIAL 

The ore from Sandvik’'s tungsten mine is among 
the purest found anywhere in the world. 
UNIFIED CONTROL BY SANDVIK FROM ORE TO FINISHED PRODUCT 


From the tungsten mine through each produc- 
tion stage, Sandvik maintains close control and 
careful inspection. 


HIGH QUALITY, SHOCK AND VIBRATION RESISTANT STEEL SHANKS 
UNIQUE BRAZING METHOD WITH HIGH MELTING POINT BRAZING 
COMPETENT ENGINEERING SERVICE 


Thousands of work files are at your disposal 
along with well trained field engineers to help 
to solve your machining problems. 


Coromant is available 


® in a wide variety of tools and blanks from stock—including 
mony shapes and designs which have been considered 
“specials” before. 


®@ in all standard grades with improved performance te suit 
o wide range of applications. 

® Grades permanently color-identified on the end of tool 
shank and etched in the carbide blanks 


@ in the new, time saving “Coromant Combination Cutter.” 


Why not try Coromant's long-lived “bite” on 


your application. Contact Sandvik for further 
information. 


COROMANT DIVISIONe SANDVIK STEEL, INC. 
111 Eighth Avenue, New York 11, N.Y. * WaAtkins 9-7180 


Detroit: 20005 James Couzens Hwy, Detroit 35, Mich. * VE 7-9507 
Cleveland: 1736 Columbus Rd., Cleveland 13, Ohio, CHerry 1-2303 
SANDVIK CANADIAN LTD. © P.O. Drawer 430, Station 0 

Montreal 9, PQ. ¢ BYwater 7501 © 25 Milford Avenue, 

Substation 83, Toronto, Ontario ¢ CHerry 1.3477 


AtDISH TO, 
“w, 
2 
c-] 
2 
SANDVIK . 


From ore to finished product 
within the same company 
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News abeit 
COATINGS tor MEWALS 


Metallic. 


[ “Wode Mark OME 


... Organic 


Decorative . Protective 


ST UIT LUAU MMII M IRM TMI A 


New-Type Finishes Solve Metal Protection Problems 


Unique groups of Unichrome Organic Coatings meet 
tough specifications —deliver unusual performance 


United Chromium cooperates in working out answers to service and production requirements for metal finishes. 


IFFICULT problems of protecting 
D various metals from corrosion 
with organic finishes can today be 
readily solved by means of new and 
unusual Unichrome Coatings. The 
finishes include plastisol coatings; 
eye-appealing coatings which are 
also in the highly corrosion resistant 
class; primers, 


PLASTISOL USAGE PAYS 


Unichrome Vinyl Plastisols are 
liquids or pastes with 100% solids. 
Cured at 350°F, they develop coatings 
with the best features of inert plas- 
tics and rubber, They deliver the 
unique combination of wide chemical 
resistance, resiliency, thick build-up 
on the part, and seam-free, pore- 
free protection. 

Various types available now in- 
clude practical sprayable compounds 
which deliver films up to 25 mils 
thick in a single sag-free coat. 

These coatings are establishing 
remarkable service records. They of- 
ten permit use of ordinary metals in 
place of costly alloys. For example: 
Half-ton stainless steel strainer bod- 
ies were replaced by plastisol-coated 
cast iron because of the remarkable 
chemical protection afforded by the 
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finish. Applied to bleach reduction 
chambers, the Unichrome Plastisol 
Coating gave four times longer serv- 
ice than special alloy metal before 
needing maintenance. 


MORE DURABLE FINISH 

To simulate gold parts for refrigera- 
tor trim, one company used polished 
stainless steel and a Unichrome 
Transparent Tinted Enamel — which 
passed the 500 hour heat and humid- 
ity test and was still going strong 
11,850 hours later. Tinted coatings 
with such durability can be used for 
other metals, too, for a finish that 
looks better longer. 


PRIMER FOR LIGHT METALS 
Wider use of magnesium and alumi- 
num can now be made because fin- 
ishing them need no longer be a 
problem. Unichrome Primer AP-10 
assures dependable adhesion of top 
coats to these active metals. Rigor- 
ous tests by large metal producers 
proved it, usage has confirmed it. 

. * 7 
These coatings exemplify a few of the 
specialized coatings United Chromium 
has developed to deliver exceptional 
performance on metal products. Send in 
the details on your requirements. 








by “Mr. Cost Cutter” 


The shape of a piece can greatly af- 
fect the uniformity of its plated finish 
—sometimes even determines whether 
it can be economically plated at all. 
It pays, therefore, to check with the 
finishing department to learn whether 
any newly designed part to be plated 
will create problems which could 
cause many rejects and high finish- 
ing costs. If such is the case, minor 
changes can often be made which 
will avoid the problems in the design 
stage. 





More tolerant nickel 
bath= more output 


A plant installed the Unichrome 
Bright Nickel process alongside a 
larger tank of another nickel solution. 
Both plated identical parts. Yet Uni- 
chrome Nickel turned out more work. 
It tolerated impurities so much better 
that it took less time for purification. 
Now it occupies both tanks. Ask for 
bulletin NI-1. 





NEW IMPROVEMENTS IN 
COPPER PLATING 


New addition agents for use with 
Unichrome Pyrophosphate Copper 
Plating Solution have eliminated 
buffing for many users, made it 
easier for others who prefer to buff 
copper rather than the base metal 
or subsequent deposits. This is due 
to still finer grain and smoother de- 
posits assured by the agents—which 
makes this copper also ideal for 
stop-off work in nitriding and car- 
burizing operations. Use of the 
agents has also increased plating 
speed—as much as 20% in some cases. 


UNITED CHROMIUM, INCORPORATED 

100 East 42nd Street, New York 17, WN. Y. 

Detroit 20, Mich. * Waterbury 20, Conn. 

Chicago 4, Ill. * Los Angeles 13, Calif. 
In Canada: 

United Chromium Limited, Toronto 1, Ont. 





Perfect for nut forming 


— 


@ Youngstown Scrapless Nut 
Quality Wire is outstanding for 
{ its excellent surface and sound 
. > ? . internal structure. This uniform 
CY f . 0XKS aA AY / high quality results directly 
f f \ ) f ) from close control of manufac- 
ee Pel, —/ lal ture—from the ore mines clear 
=J through to finished product 
Y Thus customers can always be 
sure that Youngstown wire will 
SCRAPLESS NUT QUALITY WIRE stand up under the punishing 
operations of cold heading, cold 
punching and thread tapping 


THE YOUNGSTOWN SHEET AND TUBE COMPANY .......ioc7 


General Offices: Youngstown, Ohio - District Sales Offices in Principal Cities 


SHEETS STRIP PLATES STANDARD Pitre LINE PIPE OIL, COUNTRY TUBULAR GOODS CONDUIH 
AND EMT MECHANICAL TUBING COLD FINISHED BARS HOT ROLLED BARS BAR SHAPES Wikt 
HOT ROLLED RODS COKE TiN PLATE ELEC TROLVTK rin PLATE KAILROAD TRACK SPIKES 
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How Hot 


can a Jet Get ? 


Whooosshn! Jet engines generate a 
powerful amount of heat . heat which, 
uncontrolled in flight, would cause disastrous 
metallurgical distortions within the delicately 
balanced engine. So the problem is... or 
rather was .. . how to provide a dependably 
accurate means of measuring exhaust tem- 
peratures so that the pilot might have control 
over how hot his jets get. 


And the answer? Special wiring harnesses 
running from engine to instrument panel . . . 
harnesses now made exclusively with Hoskins 
Chromel-Alumel thermocouple alloys. 


Yes, wherever durability and accuracy are 
required in a thermocouple . . . whether for 
jet engines or industrial furnaces . . . you'll 





MANUFACTURING COMPANY 


find Chromel-Alumel right for the job. Ex- 
tremely durable . . . highly resistant to heat, 
corrosion, oxidation . . . guaranteed to register 
true temperature-E.M.F. values within speci- 
fied close limits. 


That's only part of Hoskins’ product picture, 
though. Other specialized quality-controlled 
alloys developed and produced by Hoskins 
include: Alloy 785 for brazing belts; Alloy 717 
for facing engine valves; special alloys for 
spark plug electrodes; Alloy 502 for heat 
resistant mechanical applications. And, of 
course, there’s Hoskins CHROMEI the 
original nickel-chromium resistance alloy used 
as heating elements and cold resistors in 


countless different products. 


4445 LAWTON AVENUE, DETROIT 2, MICHIGAN 









Heating elements made of 
Hoskins Chrome! deliver full- 
rated power throughout their 
long and useful life. 


LM 
Sparks fly better, last 
longer in today's spark plugs 
thanks to Hoskins’ spark 
plug electrode alloys 


Hot stuff for hot jobs! 
Hoskins Alloy 502 is ideally 
suited to many mechanical- 
structural applications. 








one stands out 


...and REX is the standard 
by which all high speed 
steels are compared 


It takes exceptional skill and experience to make con 


sistent scores on the target range...or to produce 
consistently superior high speed steels. 

Crucible has been making REX” High Speed Steels 
for over half a century... and REX is still the stand 
ard of comparison wherever high speed steels are 
used. That's no idle claim...and you can prove 
REX’s superiority for yourself by putting a piece to 

<a ae work in your own shop. You'll like its hardenability, 
5 «gating response to heat treatment, and good tool performance. 


- > nds ‘ 
c | B Once you've tried it, we think you'll agree — you 


cant find a high speed steel that will outperform REX, 


|CRUCIBLE| first name in special purpose steels 
54 yaats of Foe stebrating TL STEELS 


RUCIBLE STEEL COMPANY OF AMERICA + TOOL STEEL SALES - SYRACUSE, N. Y 
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a ton 


of clean steel 


for a dime... @® 


Approximately one pound of High Carbon Ferro Titanium added to a 
ton of semi-killed or killed steel can yield one ton of clean steel. 





Titanium dioxide (TiO,), formed from the addition, has excellent 
fluxing action with non-metallic inclusions such as silicates and aluminates. 
Low melting point oxides formed are carried up to the slag in the ladle. 


Most effective scavenging action results when the amount of the alloy 
used is small—generally not more than | lb. per ton—and it is added in 
the ladle after such deoxidizers as aluminum, ferro silicon, etc. 


Get complete facts by writing our New York City Office. 


TAM 
PRODUCT 


ere U.S Pat of 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Office 
111 Broadway, New York City 


General Offices, Works and Research Laboratories: 


Niagara Falls, New York 
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$6) PROCESS INSTRUMENTATION 





0 DEGREES FAHRENHEIT X 1 
CHROMEL-ALUMEL 





General Electric Announces . . . 


NEW RECORDING CONTROLLERS 


Featuring Reduced Maintenance and the ‘Magnetic Standard” 


General Electric’s newly designed recording is no lapse of control during standardization 
controllers give you reduced maintenance periods. This is especially important where 
through the ‘Magnetic Standard” in poten a momentary loss of control has adverse 


tiometers and an improved bridge balancing _ effects on the quality of your product 


FOR FURTHER INFORMATION contact your 
nearest G-E Apparatus Sales Office or write 
for bulletin GED-2100, Section 602-284, 
THE “MAGNETIC STANDARD” provides General Electric Company, Schenectady 5, 


truly continuous standardization, as there New York 


unit in a-c bridge instruments. Eliminated 
are dry-cell batteries, standard cells and 
sliding contacts. 





(froggres 3 O° Od UMDORM ANE (201 UC 


GENERAL (6) ELECTRIC 














ucrecluteg FOR BETTER PRODUCT 


The above illustration typifies the quenching methods employed by modern 


metal fabricating plants to protect the quality of their products 

Here a battery of B & G Hydro-Flo Oil Coolers is employed to keep 
quench oil constantly at a predetermined temperature. By controlling 
quenching conditions, uniformity of product ts assured 

B & G Hydro-Flo Self Contained Oil Coolers are complete packages... 
combining Coolers, Motors, Pumps, Strainers and all controls into single, 
integrated units. Fully automatic, they keep oil temperature at the desired 
degree through all stages of the quench 

Or if you prefer, the component parts of a B & G Hydro-Flo Oil Cooling 
System may be purchased and assembled on the job. B & G Quench Tanks 
are also available... either in standard designs or built to your specifications, 


Send for Catalog and Simplified Selection Manual. 


Hydro-fis 
6G OIL QUENCHING 
SYSTEMS 


Battery of B & G Quench Tanks served by BELL & GOSSETT COMPANY 
B & G Oil Cooling System illustrated above. Dept. DM-16, Morton Grove, Ill. 
*Reg. U.S. Pat. Of. Canadian Licensee: §. A. Armstrong Ltd., 1400 O'Connor Drive, Toronto 
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How to make a worm gear stop spitting teeth 


When a speed reducer transmits power to a machine, the output shaft 
takes a beating from the torque effect necessary to carry the load. If 
the steel can’t take it, gear teeth wear excessively. Or they snap off. 
Boston Gear Works had the problem with its Gear Reductor. Work- 
ing with Republic’s 3-D Metallurgical Service, they tortured gears 
and shafts made of many different steels. 

Republic metallurgists recommended Cold Drawn 4140 Alloy Steel 
for the worm gear shaft for toughness and strength. For the worm 
and the worm shaft, which are integral, where hardness, machinabil- 
ity and smoothness were needed, 4615 Alloy Steel. 

Result: A highly polished finish that assures pa meshing with 
the soe oes a minimum of wear; a reductor that easily handles 
shock loads and 24-hour running conditions. 

What about your problems? Perhaps the right alloy steels, recom- 
mended by Republic’s 3-D Service, can mean better production rates. 
A better product. Or lower costs. Sometimes, all three. Phone your 
nearest Republic office for the facts. Or write to: 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division - Massilion, Ohio 


GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, New York 


REPUBLIC 
ALLOY STEELS 


Other Republic Products include Carbon and Alloy Steels — Titanium — Pipe, Sheets, Strip, Bars, Wire, Pig tron, Bolts and Nuts, Tubing 
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TEMPERATURE LIMIT OF RESISTANCE 
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TO PROGRESSIVE SCALING 


in Seoll Aw 





An 78 
Type 446 
AM 275.20 


Continvous Service 


Type 310 o 314 


AM 25.12 
Type 309 














Temperate, Degrees # 


EFFECT OF GRAIN SIZE ON HIGH 
STRENGTH AND DUCTIH 
10 006 Hours for Rupture 





| Numerals 
| 
+ 


- average eld 
. “eam 


BEHAVIOR OF CHROMIUM STEELS OF DIFFERENT ALLOY CONTENT 


During Hydrogen Sulfide Attack 











E GRADIENT 





OF STEEL 


Heres 124 Pages of Valuable Data 


on STAINLESS 


Stainless and heat resistant steel can usually be 
classed as a critical material, since it not only 
contains strategic alloys but is indispensable in 
many vital industrial and armament applications. 
It is always important, therefore, to make every 
pound go as far as possible. 

The latest edition of our comprehensive 124- 
page, case-bound Stainless Steel Handbook is 
ready for distribution now. It will help you to 
select the right stainless steel and to use it 
properly. Comprehensive listings of analysis, 


STEEL 


properties and characteristics of each type will 
guide you in specifying grades that will do your 
job most efficiently. Clear, concise fabrication 
data will help you speed production and cut waste. 

Your copy of the Stainless Steel Handbook 
will be sent—without charge—upon request. Our 
only stipulation: please make your request upon 
your company letterhead. @ Write Allegheny 
Ludlum Steel Corporation, Oliver Building, Pitts- 
burgh 22, Pa. 

ADDRESS DEPT. MP-55 


You can make it BETTER with 


Allegheny Metal 


weo ties 
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Warehouse stocks carried by all Ryerson Steel plants 




















m BLAST FURNACES... 


GLC Carbon Brick helps accelerate production and reduce costs. 


Important characteristics of GLC Carbon Brick are its strength and 
abrasion resistance at high temperatures, dimensional stability, low 
thermal expansion and thermal shock resistancs. It resists slag 
build-up and is non-wetted by liquid metals. 


The performance characteristics of GLC Carbon Brick are outstand- 
ing. May we tell you more about this exceptionally reliable product? 


ELECTRODE DIVISION 

Great Lakes Carbon Corporation 

Niagara Falls, N. Y. EGLCZ Morganton, N. C. 
® 








Graphite Electrodes, Anodes, Molds and Specialties 
Sales office: Niagara Falls, N.Y. Other offices: New York, N. Y., Oak Park, Ill., Pittsburgh, Pa. 


Sales Agents: J. B. Hayes, Birmingham, Ala.; George O'Hara, Long Beach, Cal.; Great Northern Carbon & Chemical Co., Ltd., Montreal, Canada 


Overseas Carbon & Coke Company, Inc., Geneva, Switzerland; Great Eastern Carbon & Chemical Co., Inc., Chiyoda-Ku, Tokyo, Japan. 





Is there a better 


STAINLESS 


2221 kinds, forms, finishes and sizes in our stock for quick shipment 


So much improvement is being made any other kind of steel, depend on 
every day in stainless. New extra-low Ryerson for immediate delivery from 
carbon sheets and plates for special stock. 

welding requirements, light plates for 
polishing and stainless tubing to name 
but a few. You may not be using the SNAPS: Shoots & Swip * Plates * Rounds * Sqveres 
exact type that is best from a fabrica- Flats + Hexagons + Angles + Pipe * Tubing 


° 2 ° itti F 
tion, long life or cost standpoint ee 
, , BU Sti ° TYPES: 301, 302, 303-C, 303-5, 304, 304-L, 309, 


310, 316, 321, 405, 410, 416, 430, 430-F, 
So we urge you to let our Ryerson 440-C 


stainless specialists help you select the CONDITIONS: Hot Rolled, Cold Drawn, Centerless 


° ' ° Ground 
right type for each particular purpose. panensueese 41, 428. 420. #3, 44 





STAINLESS IN STOCK 





And whether you need stainless, or 


RYERSON STEEL 


JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK © BOSTON © PHILADELPHIA ® CHARLOTTE, N.C. © CINCINNATI © CLEVELAND 








DETROIT © PITTSBURGH © BUFFALO © CHICAGO © MILWAUKEE © ST. LOUIS © LOS ANGELES © SAN FRANCISCO © SPOKANE ¢ SEATTLE 
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Heavy Presses Near Completion 





By ARTHUR H. ALLEN* 


Large areas, thin sections and the complicated configurations 


of light metal forgings for aircraft call for 


press capacities far beyond anything vet constructed. 


It is hoped that new hydraulic closed-die forgings presses 


of 35,000 and 50,000 tons capacity will 


accomplish the task. 


| L, avy presses for closed-die forging and 


extruding light metal alloys have been subjected 
to a barrage of publicity and controversy since 
initiation of the Air Force program a few years 
ago for construction and operation of some 17 
large units at an estimated cost of $389 million. 
This project has waxed and waned, finally being 
cut back to ten presses on which work had pro- 
gressed to the point where cancellation seemed 
Involved were horizontal extrusion 
presses ranging from 8000 to 20,000 tons rated 
capacity and vertical forging presses rated at 
25,000 
March 1953, p. 111 and p. 186). As now consti- 


tuted four of the new forging presses and_ six 


impractical 


extrusion units will be in operation probably 
some time this year 


Why the need for such large and costly 


yresses? The best explanation is that progressive 
| | | 


increases in size, weight, speed and range of 
modern aircraft — both transport and military 


call for larger and stronger structural compo 


35,000 and 50,000 tons (Metal Progress, 


nents in wings, fuselages and landing gears. If 
these elements can be shaped in single pieces 
or at least in a very few pieces instead of the 
hundreds of small parts conventionally bolted or 
riveted together, added strength will result at 
lower cost 

The term “integrally stiffened structure” has 
been applied to such bulky sections in which the 
skin and skin-stiflening components are in one 
piece. It is further possible to distribute the 
material better and improve physical and me 
chanical properties by eliminating composite 
structures in favor of pressing out a single shape 
Greater refinement of detail in both forgings and 
extrusions, thinner sections and closer tolerances 
as well as reduced draft, will result from the 
increased pressures in the forming equipment 

However, limitations are placed on what can 
be accomplished, regardless of the size of the 
equipment or the pressures available, The news 


in the popular press that these large machines 


*Special Assignments Editor, Metal Proere 
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would form an entire wing in one piece is com 


pletely outside the bounds of reason. A wing is 





a complicated built-up structure, housing hun 





dreds of important elements. With these heavier 





presses, larger individual structural parts can be 





produced, thereby reducing the total number of 





individual pieces and, therefore, the number of 





joints in an assembly 





The above is a very simplified statement of 





the situation. Actually, there are many unex 





plored possibilities which can be de eloped only 





by close cooperation between aircraft contrac 





tors, designers, engineers, press builders and 





metal suppliers Meanwhile it is pertinent to 





review some phases of progress in the design 





construction and operation of heavy presses and 





the parts produced on them, in the effort to make 





a reasonable forecast of what the future holds. 





The impression is widespread among engineers 





that knowledge about large and heavy press forg 





ings of light alloys was nonexistent in the U.S 





until intelligence teams immediately after the 





war discovered the Germans’ activity. It is true 






that these experts did find that the Germans were 






Fig. 1 This 18,000-Ton Forging Press Has 
Been in Operation for Nearly Light Years at 
Wyman-Gordon Co. Stock is heated to about 
S50° FB. before being placed in dies which are 
preheated to 750°. The four press pistons are 48 








in. diameter, as are the four columns. Water un 





der 5600 psi. pressure is the hydraulic medium 






<i 






























operating large presses — two of 15,000 and one 
of 33,000 tons capacity —for producing larg 
aircraft structural components; actually our own 
Air Force's interest in large forgings antedated 


this event by a few vears. 
The American 18,000-Ton Press 


As recalled by Robert W. Stoddard, executive 
vice-president of Wyman-Gordon Co., Worcestet 
Mass., the War Production Board asked his com 
pany to undertake special research in magnesium 
forging long before the end of World War II. 
Intensive studies were carried out and a volumi 
nous report was dispatched. The result was a 
decision to build a hydraulic press larger than 
any previous one, for experimental work on mag- 
nesium and aluminum alloys. The expectation 
was that if the equipment proved satisfactory 
and there was a demand for the large parts which 
could be formed on it, additional facilities would 
be established. 

After determining the design features of an 
18,000-ton hydraulic press (in concert with Mesta 
Machine Co. and other firms interested in the 
program) Wyman-Gordon was requested to op- 
erate the plant in which it was to be erected at 
North Grafton, Mass. Because this was the only 
one of its kind in the country and because the 
experiments were likely to prove of benefit to 
the whole aircraft industry, the plant was carried 
through to completion following VE-day. Op 
erations started in 1946. Since that time, the 
18,000-ton Mesta press (Fig. 1) has been in almost 
continuous service. More than 125 designs of 
large forgings, principally of 14S and 75S alu 
minum alloys, have been produced to drawings 
by aircraft constructors — most of them in pro 
duction lots. (In the aircraft sense, this means 
anywhere from 100 to 500 pieces, occasionally 
higher.) Parts ranged in weight from 50 to 600 
lb. and included forgings for wing frames, ribs 
spars, beams, wheel hubs and landing gears 

Output of this 15,000-ton press has been sup- 
plemented by that of the two 15,000-ton Schloe 
mann presses operated bv the Germans during 
the war, dismantled and shipped to the U.S. — at 
considerable cost and difficulty in transport, inci 
dentally. One was erected at an Air Force plant 
now being run by Bridgeport Brass Co. at Adrian 

Mich., the other at an Aluminum Co. of America 
plant in Cleveland. These units went into pro 
duction in the summer of 1952. The still larges 
German press, rated at 33,000 tons, was com 
mandeered by the Russians and nothing is known 
of its fate. 







































Principal specifications of the 18,000-ton press 
operated by Wyman-Gordon at North Grafton 


Mass., will indicate its size and power: 


Platen length 12 ft., 4 in 
Platen width 7 ft., lin 
Maximum opening between platens 10 ft., 6 in 
Length of stroke 5 ft. 
Pressing speed 150 in. per min 
Columns and diameter Four 36 in 
Length of columns 16 ft. 
Pistons and diameter Four 1S in 
Pushbacks and diameter Two — 24 in 
Height of press above floor 32 ft. 

Depth of press below floor 15 ft., Gin 
Effective water pressure 5600 psi 
Volume of water in system 19,000 gal 


Power from three 1000-hp. pumps 3355 hp 
Weight of largest casting 348,000 Ib. 
Weight of press alone 2500 tons 


Rated working pressure 18,000 tons 


The success achieved with this press in the 
shaping of a variety of complex parts with inte- 
gral ribs, flanges, bosses and reinforcements 
under unit pressures up to 100.000 psi. and over 
an area of as much as 78x144 in., was a moti 
vating factor behind the Air Force's decision to 
go on with its heavy press program. Wyman- 


Gordon was again asked to accept a leading part. 
“Major” and “Minor” 


\ five-fold expansion of the North Grafton 
plant to a total floor area of better than 14 acres 
was drawn up, for installation of two huge new 
Loewy closed-die presses of 35.000 and 50,000 
tons capacity, along with smaller units of 7700 
and 1500 tons rating for pre-forming and trim 
ming operations. The new buildings are now 
nearly complete and delivery of various com 
ponents of this extraordinarily heavy machinery 
is well under way. It is expected that the 35,000 
ton unit will be in operation late this summer 
and the larger one before the end of 1954. In all 
the facility will represent an investment in excess 
of $50 million. 

It is difficult to visualize the buildings neces- 
sarv to accommodate these two presses. W ide 
high bavs, with 100-ton overhead cranes, must be 
provided to handle not only the erection and 
maintenance of the press itself but also the trans 
fer of the enormous dies into and out of working 
position satteries of accumulator bottles, tower 
ing 35 ft. high, must be set up adjoining the press 
bay to supply the required hydraulic pressure 
Extra-large mechanical manipulators, similar to 
openhearth charging machines will handle the 
ingots and manipulate the forgings into and out 


the dies. The lower dies in the two new presses 

















Fig. 2 — One of the Continuous, Indirect-Fired 
Furnaces for First Stage of Solution Heat Treat 
ment of Finished Aluminum Forgings. Four 
combustion chambers are mounted on top of 
the furnace, with blowers to force heat into the 
furnace interior. Note unusually wide hearth 


Cal be moved mito ace essible loading position hy 
sliding lowe plate 1S 

Heating furnaces must be installed to preheat 
the dies before they are installed in the press 
This is essential to avoid chilling the heated 
aluminum during the pressing operation and to 
aid the flow of metal into the die cavity. Addi 
tional buildings house furnaces for heating the 
ingots, and heat treating the finished aluminum 
forgings (Fig. 2), pickling equipment for remo 
ing graphite lubricant picked up by parts from 
the dies and tor brightening the surface. and an 
extensive area for inspection of parts, both in 
process and before shiprne it this pha e being 
most meticulous Space is also needed for tool 
and diemaking conte ring around al vroup of larve 
Keller machines, Hydrotels and boring mills fos 
die sinking from wood or plaster patterns 

Auxiliary Plant — The auxiliary operations in 
cident to the operation of only three heavy 
presses are bevond all conce ption, even to those 
familiar with general practices in the pressed 
metal industry. [tis doubtless true that the entire 
project: repre ents a move into a new and unes 
plored field, so it may be understandable that 
pl imners decided to be on the ample side, insofar 
tS available space Was concerned Actually i 
thre pe rspective sketches of the two new forging 
presses Fig. 3) suggest. the floor area they oc 
cupy i relatively small, most of their bulk being 
above and below the floor. For example. founda 
tion pits are 75 ft. deep, with supporting re 
inforced concrete walls upto 13 ft thick 


The two presses identified by their builder a: 
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“Major and “Minor” 


down type”, all of the structure below the lowe 


are of the so-called “pull 


platens being below the working level. Hydraulic 
cylinders are placed beiow the lower press bed 
and the upper head and platen are pulled down 
(rather than pushed down) against the metal in 
the dies. Principal statistics are as follows: 

35,000-Ton — 50,000-ToNn 

(Minor) (Mayor) 

Number ol columms | 6 
Length of columns 1O1 ft. 108 ft 
Height above floor 45 ft 18 ft. 
Depth below floor 62 ft. GG ft. 
Total weight $550 tons 10,750 tons 
Weight of moving parts 6000 tons 7500 tons 
12 x 30% ft 12 x 32% ft 
Maximum daylight 11 ft. 9in 
Minimum daylight 5 ft 
Stroke 


Die bed area 


13 ft. 9 in 
7 ft. 9in 
6 ft. 


Each press is equipped with main hydraulic 


9 in, 
6 ft. 


power cylinders — six and nine respectively as 
well as return evlinders, eccentric load compen- 
The 


smaller unit has auxiliary side cylinders perma 


sating cylinders and pressure intensiliers 


nently attached for exerting upsetting pressure 


Both have 
sliding tables holding the entire die bed 


in a horizontal direction if desired 
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Fig. 3 — Perspective Drawings, From Blueprints 
of 50,000-Ton “Major” Press (Left) and 35,000 
Ton “Minor” (Right). Both are of the pulldou n 
type with power cylinders below the lower platen 


The smaller unit has auxiliary side 


cylinder 


A single accumulator station supplies hydraulic 
power for both presses. It includes 11 hydro 
pneumatic accumulator bottles 63% in. OD and 
35% ft. high, of forged steel 8 in. thick and weigh 
ing 85 tons each. Seven hydraulic pumps of 
1500 hp. each provide a combined capacity of 
10,500 hp. to force water into the accumulator 
bottles under a head of compressed air at 4500 
psi. The hydraulic medium is water with a small 
admixture of soluble oil to prevent rusting 
(Straight mineral oil is banned because of the 
hazard of a leak near the heated dies or work.) 

Main structural members are composite. Trans- 
verse forged steel slabs, assembled and restrained 
by shrunk tierods, provide for rigid upper and 
lower platens, and minimize press-platen deflec 
tions. Tierods or columns are not of the con 
ventional cylindrical type, but are rectangular 
in cross section and consist of three 8-in. thick 
each. Since column alone 


laminations one 


weighs close to 300 tons, it would have been 
impossible to make it in a single forging with 
existing equipment in the steel industry, so the 
arrangement of laminations was devised to ex 
pedite fabrication, machining and assembly. (See 


Metal Progress, June 1953, for a pictorial descrip- 





Fig. 4 — Forging for Crosshead Support for the 
35,000-Ton Press Is 47 Ft. Long, 14 Ft. High 
and Weighs 95 Tons. Welders at Bethlehem 
Steel Co. are attaching pads. The 22 bosses 
welded to eat h side of the support u ill receive 
14-ft. bolts to hold tog ther ten of the sup- 
ports as a rigid backing for a set of forging dies 


tion of the fabrication of these laminations.) 

Hydraulic cylinders are so placed as to bal- 
ance the hydraulic forces, reduce bending effects 
on the structural members and stress them in 
almost pure compression. Forces are transmitted 
through a gridwork of plate beams to the lower 
platen and through the main tierods to the upper 
head or entablature. In contrast to conventional 
presses, the entire upper entablature moves with 
the upper platen. One of ten plates to be assem 
bled into the upper head is shown in Fig. 4. As 
many as six different pressure stages can be 
obtained by using various combinations of the 
hydraulic cylinders and by selecting either rated 
pressure of the accumulator system or by cutting 
in an intensifier arrangement. 

To protect the press against excessive eccen 
tric loads which might damage the main tierods 
or the press structure itself, a unique type of 
hydraulic force-compensation system has been 
perfected. Its action is entirely automatic and 
the degree of load compensation is a function 
of the rotational deflection of the upper entabla 
ture when it is subjected to an eccentric load 


resulting from the configuration of the part being 


shaped. The eccentric load-compensating sys- 


tem is designed to compensate for a compound 
eccentricity, coordinate to the center of the press 
platens 

In addition, an automatic strain-gage protec- 
tive system is incorporated in the design, with 
strain gages mounted permanently on the tie 
rods. When safe stretch in the columns is ex- 
ceeded, the hydraulic system is unloaded auto- 
matically. These strain monitors are coupled to 
an electronic control which also watches the 
strain rate, so that for any dangerous combina- 
tion of absolute strain and strain rate the power! 


will be shut off 


Advantages of Press Forgings 


Operating experience with the old 18,000-ton 
press has demonstrated significant advantages of 
hydraulic press forging of light metals over ham- 
mer forging. In the first place, die life is much 
longer. Furthermore, only slight draft angles 


0 


seldom over 3 are required in the single stroke 


operation, assuming suitable ejector devices 


which means weight savings in parts. Closer 
dimensional tolerances can be maintained since 
dies are kept in alignment during the forging 
stroke by accurate guide pins. Predetermined 
die temperatures can be maintained on both the 
upper and lower dies as previously described 
this reduces mismatch and shrinkage 


Production rates can be 


increased on the 
hydraulic press, especially on larger and heavier 
forgings, because of the single-stroke feature 
although naturally some shapes are given several 
press strokes 
Studies of press operating cycles, where 

lowe! platen slide is used, show that the powel 
stroke and return stroke require not more than 
even 
without a table shift, the operating time of the 


15% of the complete floor-to-floor cvcle 


press seldom exceeds 50% of the total time re 
quired. The rest of the evele is consumed by 
handling material into and out of the press 

The hydraulic press lends itself to production 
of complic ated forging shapes such as those 
with sharp bends, internal bores and nonsym 
metrical contour. Many of these would be im 
possible to handle by Impact forging tec hniques 

While there is never much reason for com 
placency in any branch of the rapidly develop 
ing metals industry, Americans can take some 
comfort in knowing that big presses were m thing 
big forgings of aluminum as early as the vaunted 
Germans, and that the heavy press program 
started after the war, is in no sense of the word 
a boondoggle but COMMPTISeS a omecessa4’ry group 
of plants for manufacturing the large, strong and 
light structures required for tomorrow's air trans 
port and military aircraft +] 
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Sigma Phase-a Review 





By ADOLPH J. LENA* 


r | 

| HE INCREASED demand in recent years for 
alloys that can be used at elevated temperatures 
has been the motive for many investigations of 
the factors responsible for the formation of sigma 
phase and its effect on the properties of alloys 
Significant achievements of these studies include: 
the establishment of the composition limits of 
sigma formation in a large number of alloy sys 
tems, including many of commercial importance 
such as the iron-chromium, iron-chromium-nickel 
and the iron-chromium-molybdenum systems; a 
better understanding of the influence of sigma on 
the properties of alloys at room and elevated 
temperatures; the derivation of the crystal struc 
ture of sigma and the formulation of a number 
of theories to account for the formation of sigma 
in binary systems. 

The purpose of this article is to prov ide a sur 
vey of the effects of sigma on properties for 
specific applications, and to provide a general 
guide} to future research in this field. The article 
will be presented in three parts: The first per- 
tains to the compositional limits of sigma forma- 
tion in alloys of the stainless steel types; that is 
basically iron-chromium 
nickel alloys; the second part will report on the 
effect of sigma on the mechanical, physical and 
corrosion properties of these alloys; the third 


part will consider the formation of sigma in 


iron-chromium and 


other binary and ternary alloys, the ervystal 
structure and the identification of sigma. 
The first to observe the phase which we now 


C. Bain and W. E 
Griffiths in 1927; later this constituent was identi 


designate as sigma were FE 


*Associate Director of Research 
lum Steel Corp., Brackenridge, Pa. 

tEprrows Nore—This paper is a review of the 
most significant investigations made to date of the 
formation of sigma and of its effect on the prop 
erties of alloys. To preserve its continuity, many of 
the credits and the complete bibliography submitted 
with the paper have been deleted 


Allegheny Lud 
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Its effects on the room 
and elevated-temperature 
properties of commercially 
important alloys. 


fied as the compound FeCr. Because of the 
extremely slow rate of transformation which is 
characteristic of the formation of sigma in an 
nealed alloys of high purity, the numerous in 
vestigators who followed failed to detect sigma 
in alloys of a proper composition and there was 
considerable doubt until 1934 as to the actual 


existence of this new phase. 
Sigma in Ferritic Fe-Cr Alloys 


The best description of the formation of sigma 
in pure iron-chromium alloys with chromium 
contents from 25 to 76% is that given by A. J 


Cook and F. W. 


Jones in the Journal of the Tron 


and Steel Institute. Vol. 148, 1943. Their phase 


diagram, Fig. 1, shows that the sigma region has 
a range of solid solubility extending from 44 to 
50 atomic % chromium, and that sigma coexists 
with ferrite over an appreciable range of chro 
minum content on either side of the single phase 
region. They found it in 26% chromium alloys 
of high purity at 1110° F 


mum temperature of its formation at L50S° F 


and located the maxi 


for a 50% chomium alloy. This diagram is be 
lieved to be the most accurate published because 
allovs of great purity were used, and because 
equilibrium conditions were obtained by cold 
working the samples prior to aging. In respect 
to the effect of cold work, it was found that 
filings of a 53% chromium alloy reached equi 
librium in two days at 1330° F., whereas samples 
of greater mass had not started to transform 
after 37 days. 

Since commercial steels are not pure iron 
chromium alloys, the effect of alloying elements 
on the compositional limits and rate of sigma 
Thus 
amounts of silicon markedly accelerate the rate 
A thorough study of the 
iron-chromium-silicon svstem has disclosed that 


formation must be considered. small 


of formation of sigma. 


sigma is a stable phase over a large range of 





compositions at temperatures as 
high as 1830° F. 


increasing both the rate and upper 


In addition to 


temperature limit, silicon expands 
the range of formation so that 600 
sigma can form in alloys of much w : 

‘ eo /500 
lower chromium content than that : 


found = in 


pure iron-chromium 


1400 
alloys. Aluminum and molybde- 
num exert an effect on sigma for- 
mation that is similar to that of 


silicon, but the effect of aluminum 


/Z00 


/200 
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on the rate of formation is not as 
1/00 
20 


great as that of either silicon on 
molybdenum. Small amounts of 

nickel and manganese expand the 

range of formation and increase the rate; how- 
ever, When large amounts are present, austenite 
forms and these elements then exert a negative 
effect on sigma formation. The effect of nickel in 
amounts less than 4% is to make the alloys more 
susceptible, and in amounts greater than 4% to 
make them less susceptible to sigma formation. 
Manganese, according to one investigator, has 
a greater positive influence than nickel, even 
when present in large amounts. However, it 
should be remembered that much greater quan 
tities of manganese than of nickel are needed to 
stabilize the austenite, and it is ge nerally believed 
that manganese and nickel are similar in their 
behavior. This is substantiated by some unpub 
lished work on austenitic iron-chromium-man 
ganese alloys which will be mentioned later in 
this review. 

Sigma has been found in iron-chromium-cat 
bon alloys containing from 30 to 60% chromium 
and as much as 1.5% carbon after being annealed 
in the range of 1470 to 1740° F. The effect of 
carbon is to decrease sigma formation in iron 
this being attributed to the 


removal of chromium from solid solution by the 


( hromium allovs 


formation of chromium carbide. Also, the pres 
ence of carbides decreases the threshold time for 
sigma formation in alloys where the effective 
chromium content (chromium in solution) is the 
same as that for carbide-free alloys. This appar 
ent nucleation effect of carbide partic les has 
been observed by a number of investigators who 
have found sigma in direct contact with carbide 
partic les. An interesting example of this is shown 
in Fig. 2, which is a photomicrograph of a 31.6% 
chromium steel annealed at 2000° F 
aged at 1200° F. for 900 hu 
phase in the 


and then 
The dark et hing 
center is chromium carbide. the 


gray is sigma and the white is austenite which 


30 40 50 60 70 
Chromium, Atomic % 


Fig. 1 —Tron-Chromium Phase 
ing Limits of Sigma Phase 


Alloys 


Diagram Shou 
Formation in Pure 


Derived by A. J. Cook and FF. W 


Jon s 


had formed adjacent to the carbide at the anneal 
ing temperature. (M. A. Grossmann described 
this type of austenite formation in Transactions 
of the American Institute of Mining and Metal 
lurgical Engineers, Vol. 75, 1927, p. 214.) In 
order to differentiate these phases, the alloy was 
first etched in boiling 50% HCI] to outline them 
and then in boiling modified Murakami's solu 
tion to stain them. The sigma areas which photo 
graph as gray were actually a series of bright 
opalescent colors under white light 

The effect of alloving elements on sigma tor 


mation Ith basic iron-chromium alloys Call bn 


J 


lig Photomicrograph Showing Apparent Nucl 
ation Effect of a Carbide Particle on Austenite and 
Sigma Formation in a 31.6% Chromium Steel 
Annealed at 2000° KF. and Aged for 900 HIr. at 
1200° I Ktchant: boiling Murakami's solution 
modified su pCrim pose do on boiling 506 HCL, 2000 





summarized briefly by 


that elements 


which can be designated as ferrite stabilizers 


Saying 


(silicon, molybdenum, aluminum, tungsten, vana 
dium, titanium and columbium) promote the 
formation of sigma; the austenite stabilizers 
(nickel and manganese) may either promote or 
retard it, depending upon the amount of these 
elements with respect to the austenite-to-ferrite 
balance. It is obvious from this that commercial 
steels with normal amounts of impurities should 
he more susceptible to sigma phase formation 
than pure alloys of equal chromium contents. 

I’. J. Shortsleeve and M. E. Nicholson ( Trans- 
actions, &, Vol. 43, 1951, p. 142) investigated the 
extent of sigma formation in commercially pure 
alloys containing 15 to 35% chromium and derived 
a phase diagram of great practical importance 
Fig. 3. It compares the boundary for ferrite: 
ferrite plus sigma for commercial alloys con 
taining less than 0.1% carbon with a= similar 
boundary for pure alloys. These investigators 
also studied the rate of transformation in the 
region of 1100 to 1500° F. and found that the 
time-temperature-transformation curve followed 
the familiar C-shaped behavior which is charac 
teristic of nucleation and growth processes, and 
that the temperature of maximum rate increased 


with increasing chromium content 


Sigma in Austenitic Fe-Cr-Ni 
and Fe-Cr-Mn Alloys 


The formation of sigma in austenitic stainless 
steels has been the subject of intense study in 
recent years, principally because these allovs are 
used at temperatures where hot strength is 
required and the embrittling effect of sigma can 
he quite deterimental. Although a number of 
phase diagrams defining the limits of the sigma 
phase regions in iron-chromium-nickel alloys of 
high purity have been reported, they are of little 
value in predicting the susceptibility to sigma for 
mation of many commercial alloys having a com 
position that lies close to a phase boundary. In 
such alloys, variations in composition within the 
specified range and the presence of normal 
amounts of steelmaking elements may be suffi 
cient to induce the formation of sigma, a condi 
tion which could not have been predicted from 
phase diagrams for pure alloys. These effects 
have been considered by M. E. Nicholson, C. H. 
Samans and F. J]. Shortsleeve (Transactions, &, 
Vol. 44, 1952, p. 601) who presented a very useful 
diagram for alloys of commercial purity. Figure 
1 from their paper compares their phase boun 
daries for commercial alloys (dashed lines) with 
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those of higher purity (solid lines), and shows 
that at least a portion of the composition range 
of most of the A.LS.I. austenitic stainless steels 
lies within the sigma-forming region. Quantita- 
tive data on the displacement of the phase 
boundaries due to the presence of silicon, man- 
ganese and molybdenum, have been provided by 
Similar work which in- 
cludes alloys with 20 to 35% nickel has been 
reported by A. M. Talbot and D. E. Furman in 
Transactions, @, for 1953; they state also that 
cast structures resist sigma formation to a greater 


Nicholson and others. 


extent than wrought materials 

In regard to the formation of sigma in stable 
austenitic steels, there are some who believe that 
sigma forms from an unstable ferrite rather than 
directly from the austenite. This view was pre 
sented by early investigators and has been a 
source of confusion for some time in spite of the 
availability of sufficient evidence to discredit it. 

Evidence of this direct transformation has been 
methods and by 
X-ray analysis. The latter method has revealed 


obtained by metallographic 


both the continuous transformation of sigma from 
austenite in stable alloys and the intermediate 
formation of ferrite in unstable alloys. As a re- 
sult of this research, it is safe to assume that 
sigma forms directly from austenite but that the 


rate of transformation is usually very slow. 


A large volume of information is available on 
the formation of sigma in commercial steels. The 
effect of molybdenum and columbium additions 


Fig. 3—Comparison of Phase Boundary for 
Commercial Alloys (With Less Than 0.14% 
Carbon) With the Boundary for Pure Alloys 
Alloy C-1 was a 35% chromium high-purity 
alloy. (From the work of Shortsleeve and 
Nicholson, Transactions @, Vol. 43, 1951 


Temperature, 





Fe 

Chromium,% 
Fig. 4— Relative Locations of 
tant AJISJ1. Stainless Steel Compositions 
With Respect to the Limits of the Sigma 
Regions at 1200° F 
composition 


Some 


Impor 


Lettered regions indicate 
ranges of the following steels 


Cr Ni A.LS.1 
16-18 301 
17-19 302.303 
18-20 304 
19-2] 308 
22-24 x09 
24-26 310 
17-19 

17-19 


Typt 


to 18% Cr, 8% Ni steels can be predicted from the 
diagrams by Franks, Binder and Bishop (Trans 
actions, 4, Vol. 29, 1941) and thus one can bal 
ance the composition of this alloy to prevent the 
formation of sigma during stress-relieving. The 
prevention of sigma by proper composition ad 
justment enhanced hot workability of this alloy. 
These investigators found by making chemical 
analyses of extracted residues that sigma was 
richer in and 
molybdenum and poorer in nickel than the orig 
inal composition of the steel. Others have de 


scribed the formation of sigma in Type 316 


manganese chromium, silicon 


18-8 Mo) which was initially entirely austenitic 


or contained some delta ferrite. The formation 


of ferrite as an intermediate stage in the trans 
formation of sigma to austenite was observed 
during resolution of the sigma. The precipitation 


of carbides preceded the formation of sigma 


Fig. 5 Isothermal Section of Tron-Chromitum 
Manganese Diagram at 1200° I 
C. O. Burgess and W. D. Forgeng, Transactions 
of the American Institute of Mining and Metal 
lurgical Engineers, Vol. 131, 1938, p. 277 


According to 


which was not complete in 3000 hr. at 1500° F 

Coarse grain and high initial annealing tem 
peratures, up to 1560° F., retard the formation 
of sigma in Type 310 while cold working pro 
motes it. Studies have been made and quantita 
tive rate curves have been derived for sigma 
formation in annealed and cold worked Type 
314 (257 Cr, 20% Ni, 2% Si) in the range of 1200 
to 1800° F. Other commercial alloys in which its 
presence has been verified are Types 321 and 
347. In Type 309 (25% Cr, 12% Ni) 


three times and molybdenum four times as effec 


silicon is 


tive as chromium in inducing the formation of 
sigma; columbium, titanium and aluminum are 
also influential in aiding its formation. Numer 
ous investigators have written about the forma 
tion and effects of sigma phase in the heat resist 
ant cast alloys. 

Since sigma precipitates more rapidly in ferrite 
than in austenite, it should be expected that the 
presence of ferrite in austenitic steels would have 
a marked influence on the rate of sigma forma 
tion. hey idence ot this has been reported for at 
duplex alloy of 18% Cr, 8% Ni, 3% Mo, and 1% Ti 
Sigma in this alloy forms exclusively in the fer 
rite, and the partitioning of the alloying elements 
(which was verified by microradiographic studies 
permits the remaining ferrite to transform to 
the 
content of the austenite renders it unstable to 


austenite. However 


reduction of alloving 


the extent that the transformation to ferrite may 
occur on cooling. A reaction sequence 1s reported 
19% Cr, 9% Ni with tungsten and 
molybdenum that involves the resolution of the 


for an alloy of 


carbide phase after sigma formation due to in 
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creased solubility for carbon of the depleted 
austenite, During some recent work, the author 
observed that the carbide phase disappeared 
commensurate with sigma formation at 1475° F. 
ina Type 310 steel with 0.03% carbon, but was 
retained in a steel with 0.068% carbon, Appar 
ently the solubility of carbon at 1475° F. in the 
austenite after sigma formation was greater than 
0.03% but less than 0.068% 

Of present interest are the austenitic chro 
mitun-manganese stainless steels which have 
heen developed as nickel-conserving replace 
ments for the chromium-nickel varieties. Phase 
diagrams such as Fig. 5 show extensive regions 
of sigma formation in ternary iron-chromium 
manganese alloys. However, there has been no 
information published on the susceptibility to 
sigma formation of the commercial steels of this 
type and reference is made here to some work 
performed in the research laboratory of the 
Allegheny Ludlum Steel Corp. on a steel con- 
taining 15.124 Cr, 16.837 Mn, 1.0% Ni, 0.095% C, 
and 0.21% Ne. It had been anticipated on the 
basis of the previously mentioned data on the 
accelerating influence of manganese that sigma 
would form in this alloy at short times in spite 
of the low chromium content. However, no 
sigma was found in samples annealed at 2000° 
I. and aged for 1000 hr. at 1200 and 1400° F. 


Vig. 6 — Micrograph of an Austenitic Chromium 
Manganese Stainless Steel Showing Lamellar 
Structure Consisting of Chromium Carbide 
Cry,C_) and Austenite Which Developed in 
Areas Which Were Originally Delta Ferrite as a 
Result of Aging for 4 Hr. at 1400° FP. Etched 
with electrolytic 10% chromic acid. 1000> 


\ 
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In contrast to this, appreciable quantities of 
sigma can be produced in annealed Type 310 in 
as short a time as 250 hr. at 1400° F. These re 
sults substantiate the belief that the effect. of 
manganese depends upon balance and that the 
presence of large quantities of manganese does 
not always insure rapid response to sigma forma 
tion. Cold work has a marked effect on promot 
ing sigma formation in this chromium-manganese 
steel; a small amount of sigma was found in a 
10% cold rolled sample after LOOO hr. at 1200° F 
while a large amount was present in a 50% cold 
rolled sample after only 8 hr. at 1200° F. An 
interesting observation was made regarding the 
transformation of delta ferrite which had been 
produced by annealing at 2350° F. The delta 
ferrite in this alloy transforms rapidly at 1200 to 
1400° F. to a lamellar structure consisting of 
chromium carbide and austenite (Fig. 6) with 
a complete loss of magnetism. Where this type 
of transformation occurs, there is no apparent 
accelerating effect of delta ferrite on sigma for 
mation, since no sigma was found in these sam 
ples after L000 hr. at 1200 to 1400° F. Since sigma 
is nonmagnetic, various investigators have made 
use of magnetic intensity measurements to study 
the rate of formation of sigma from delta ferrite 
This method cannot be employed for chromium 
manganese steels on account of the transforma 
tion of delta ferrite to carbide and austenite prior 
to the formation of any sigma. Because of the 
possibility of this transformation in other types 
of austenitic steels which contain delta ferrite 
magnetic studies should always be correlated 
with metallographic or X-ray studies to verify 
the presence of sigma so as to avoid the pos 


sibility of erroneous conclusions. 
Summary 


The preceding review of sigma formation in 
ferritic and austenitic stainless steels shows that 
a large number of cast and wrought alloys are 
capable of developing sigma. Included among 
these are essentially all of the A.LS.L. steels with 
chromium contents greater than 17%, as well as 
the newer austenitic chromium-manganese steels 
However, it should be remembered that this is 
not always dangerous as far as use is concerned 
because considerable lengths of time are often 
required for the development of sigma in many 
of these alloys. This will be made more evident 
in a subsequent article which will describe the 
effects of sigma formation on the mechanical 
properties of stainless steels, which will consti 
tute the second part of this review rs) 











Light Metall fie 


Fatigue 


a space cadet, young or old, knows the 
super-jet Mullings Malignity Mark IN 


of the most familiar sights in our evening skies 


It is one 


With its four Thornibush \ iper engines housed 
in Hanepin shaped nacelles; its high aspect ratio 
anhedral wings with bow-shaped leading edges 
and L-shaped trailing edges; its pertectly spheri 
cal tail fin and rudder set well forward on a 
triple-boom fuselage; its bubble cockpit uncon 
ventionally incorporated as an integral part of 
the undercarriage and its dodecahedral drop 
tanks depending on thin duralumin wires from 
its astrodome, it swoops around the illimitable 
heavens like nothing so much as ¢ aptam Video 
in a State of acute delirium, making an unparal 
leled hullabaloo even when — and the occasions 
are rare it refrains from penetrating the sound 
barrier. As for when it does so penetrate, the 
double boom produced by the bow-wave of each 
of the triple booms of its fuselage not unnat 
urally leads to a sextuple boom, the effect. of 
which is normally to strip all the shingles and 
roofing-tiles off all the residential properties 
within earshot Karshot is, in this instance 
wide spre ad: but. as the emergent householders 
philosophically remark to one another as they 
pav the repair bills, progress must go on 
Nobody would think, watching the Mullings 
Malignity Mark IV) cavorting and = caracoling 


about the empyrean with a business-like though 


By ROP. LISTER 


earsplitting shrick, that such an indetatigable 
machine tended to suffer in anv of its parts from 


Neves 


In mv old days as an aeronauti 


anvthing so weakly human as Fatigue 
theless, it does 
cal metallurgist fiddling about with prototype 
jetters I was largely concerned with another 
peculiarity of metal known as ¢ reep. On those 
OCCASIONS when | was not WOTTV ING TV se lf about 
Creep | was worrying myself about Fatigue 

Fatigue is what bhaapope ns to a metal hot on 


cold, wet or dry when it wag¢les. The qu ke 
Wohiat hap ih 
is that it splits Phat, baldly stated, is the essence 


of Fatigue 


it wagel s the sooner it happe ns 


It is not the kind of thing one wishes 
to occur in the blades of a Mullings 
Malignits Mark IV in which one chances to be 


riding in the evening skies 


That it rarely does 
so is one of the minor miracles of science and 


major mercies of Providence I do not claim to 


have played any great part in achieving this 
mirach 


looking back on it now, | acknowledg 


frankly that T played none at all —but T was 
placed so IT could see it all going on 

It was achieved by a number of learned bodies 
located Wi Various nooks and CTAMMICS up and 


down the land In these nooks and crannies 


which were commonls though not universally 
situated underground, and alwavs looked as if 
they were underground even when they were 
not, the learned investigators, whom [am h Ipps 


to have claimed once as colleagues strung up 


bits of metal in long rows like washing hung 


out to dry. These unhappy specimens they sub 
Hot ol cold wet 


but usually hot and drs they wagvled 


jected to torture by wage¢ling 
or dry 
them: and went on wageling there till. in the 
of time, thes split 


Course 


| personally never hung up a single bit of 
metal. T inhabited, in those high and far-off 
times, a fine great room commanding an incom 
parable view over the roofs of London. From 
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up there we could see, on a clear day, the Surrey 
downs. We could also observe the coal barges 
passing up and down the Thames, and use them 
as the basis for a kind of perpetual sweepstake 
the details of which are too complicated to go 
into here —although the results, statistically 
speaking, were not wholly unlike the tidings the 
This 


endurance, had at last 


learned ones used to send me in that evrie 


one, heated beyond 


vielded 
It was a cruel sport, but fascinating. We had no 
“Faster! 


Faster!” we would cry, like so many Red Queens. 


its brother, less ardent, still hung on 


mercy on our miserable specimens 
Hotter! Hotter!’ [| would shriek from my dis- 
tance, on prim official notepaper. From all over 
the land I seemed to hear the sharp, despairing 
crack of would-be turbine blades giving up the 
struggle. It was like some grim, ghastly battle 
of long ago; the whole kingdom seemed to me 
sometimes to be strewn with hewn and splintered 
fragments of metal 

After a few years of it | found the excitement 
too great, or else it was that the pay and pros 
pects were unsatisfactory; at this distance of time 
I forget which. At all events, | quitted the field. 
The work was, in any case largely done. Not 
that it is finished, of course; the battle goes on. 


BB tebook 


Formation of Graphite Nodules 


By ALBERT DE SY* 
| WO HYPOTHESES have been advanced con 


cerning the mechanism of — solidification — of 
“nodular” iron. One holds that the graphite 
spherulites are born from liquid in the inter 
dendritic pools. The other (favored by the pres- 
ent author) believes they are born in the solid 
austenite crystals near the surface. This thesis 
was completely developed in Foundry for No 


vember 1953. Further growth of nuclei into 
*Professor of Metallurgy, Ghent Universitv, Belgium 
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In the slick labs the learned ones still eve their 
gages and command their minions to rewind the 
burned-out furnaces, or repair a machine out- 
fatigued by its intended victims. But the initial 
struggle, the period of doubt and uncertainty, 
is now over. 

So, at least, I like to tell myself when, out of 
the clear, plangent skies of evening the nightly 
Malignity comes punctually swooshing over my 
rooftop. Remembering the country-wide cellars 
where metallurgic Science dwells, I have no 
fear tor this gallant fellow’s turbine blades. 
Even his compressor, resembling as it does a 
porcupine spinning wildly about its tail, is no 
doubt safe. As for his airframe, which looks solid 
enough but is in fact jangling away like an old 
Jew’s-harp, I can only hope that my colleagues 
in that line of business did their work as well. 
But by the time I reach this stage in my reflec- 
tions, the gallant fellow is fourteen miles away, 
followed at a distance by his own noise, faint, 
vet pursuing, though it has no chance of ever 
catching him up; and I am scrabbling absent- 
mindedly on the lawn for one or two roof-tiles. 
Progress must go on; and if I should have any 
complaint at all, it is only that I feel a slight sen- 


sation of Fatigue. ] 


graphite nodules of considerable size will now be 
briefly considered. 

Figure 1 represents conditions for the solidifi- 
cation of a binary system containing an inter- 
metallic compound A,,B,. The top sketch, Fig 
la, is the theoretical equilibrium diagram; slow 
cooling of an alloy of composition x to a tem 
perature approaching the peritectic P would re- 
sult in crystals of alpha solid solution saturated 
with element B (composition e, ) bathed in liquid 
of composition P. When more leat is slowly with- 
drawn from such a system, crystals of the com 
pound A,,B,, form — for example, as a shell around 
the existing crystals of alpha solid solution ( Fig. 
Lb). During this peritectic transformation the 
concentration of B in the three phases varies 
somewhat as sketched in Fig. 1c. On complete 
solidification the alloy consists of alpha and A,B 

Now consider Fig. 2, a series of similar sketches 
for the solidification of iron and carbon (nodular 
gray iron) with the important exception that it 


involves a considerable degree of supercooling 





Usually, if not always 
(enriched 


the final liquid 


with impurities) solidifies 




















as a normal eutectic where 
flakes 


( ooling 


in small graphite 
form on later 
These tiny flakes may usu 


ally be 


irons, and it is the authors 


found in nodular 


beliet that they are respon 
sible for the low impact 
values of some apparently 
first-class castings, espe 


cially those of large size 





When nodulizing treat 
ment is only partial, as in 


~ 


the micrograph of Fig. 3 








Fig. 1 — (Left) Theoretical Solidification System 
for Binary Alloy Forming Compound A,B, 
by Peritectic Reaction at Temperature P 
Fig. 2—(Right) Supercooling Associated With 
Solidification — of Alloys and 
Mechanism of the Formation and Growth of 
Graphite Nodules in Primary Austenite Crystals 


Tron-Carbon 


as noted by the dashed lines in Fig. 2a— and 


consequently the austenite becomes supersatu 
rated and acquires a carbon concentration such 
as E,. Finally, because of this supersaturation 
carbon is pre ipitated at numerous points ¢ lose to 
the crystal’s surface, since a relatively high car 
Thus 


all the spherulites are born in a very short time 


bon concentration gradient exists there 


near the beginning of the “eutectic arrest’. The 
present writer believes this should be considered 
as a peritectic transformation or reaction 

On this basis Fig. 2b and 2c. analogous to 
Fig. lb and le have been drawn. N represents 


2 « represents 


a small graphite nucleus, and Fig 
carbon concentrations in the three phases Note 
the concentration gradients (which are the driv 
ing force for carbon migration), the completion 
of the peritectic transformation, and the growth 
of the graphite nodules 

It is unnecessary to expatiate on the similari 


ties between Fig. | and Fig. 2. It may be su 


mised that as the distance between embryonic 


nodule and surface of its enclosing mass of 
austenite becomes greater, there is a tendency for 
other spherulites closer to the solid-liquid inter- 
to be 
solidification continues until the 


face (the source of most of the carbon ) 
born. Thus 


liquid phase is exhausted 


solidification starts as out 
Cs 


lined in Fig. 2 but, as soon 


as the liquid phase be 
comes sufficiently enriched in impurities (oxygen 
in the writer's opinion), graphite starts to pre 
cipitate in the molten portion and the system 
completes solidification as a normal eutectic ac 


tion for flake graphite 
Theory Explains Characteristics 


In conclusion we may say that — whatever may 


be the genesis of the nodule — when the graph 
ite particles are yet very small (perhaps less than 
2 microns in diameter) they start to grow within 
the solid austenite by a mechanism analogous 
to a peritectic transformation. This explains sey 
eral well-known characteristics of nodular iron 
b) the shape of the 
pronounced segregration 


flotation of 


nodules in hypereutecti« compositions without 


suc h as (a high shrinkage 
cooling CUFVeS (¢ 


(d) dendritic solidification and (@) 


the formation of kish 


Fig. 3 Vixture of Nodules and Flakes 
in Mottled lron (Partially Nodulized 
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Induction Heating 


Generators as 


Production Tools 





By PETER A. HASSELL* 


Fig. | —Induction Heating for 
Re-Flowing of Electrolytically 
Deposited Tin on Steel Strip in 
the Manufacture of Tin Plat 


The success of the high-frequency heating industry will 


depend not only upon the continuing improvement of generator 
design, but also the development of new applications and better 
and faster methods of handling. Some design considerations 

and typical installations are described. 


= TION HEATING has now become a 


recognized process in almost every metalworking 
industry. In the fabricating and heat treating of 
metal parts, it helps to produce articles better 
faster and cheaper. We must go back to the 1800's 
for a look at this production tool which has 
only recently received industry-wide recognition. 

The basic principle of the process 1s electro 
magnetic induction 
ISS) by) Michael High-frequency 
equipment for heating metals was described in 
several patents prior to 1860. The first high 


frequency converters were spark gap units used 


which was discovered in 


Faraday. 


to heat metallic crucibles in small melting opel 


ations. In the early 1900's attempts were made to 

e Applic ation engineer West 
This paper Was 
originally presente d to the Institute of Radio Engi 
neers Professional Group on Industrial Electronics 


induction heating 


inghouse Electric ¢ orp., ¢ hicago 
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use 60 cycles for various applications such as 
heating wheel hubs and bearing races, and in 
1917 the first production melting furnace was 
installed at the Bridgeport Brass Co. for melting 
nonferrous metals at power-line frequencies. 

It was not until the 1930's that induction heat 
ing became recognized as a production tool for 
heat treating. Early applications were for harden 
ing crankshaft bearings, wheel hubs, and cylin 
der liners. These and other operations led to the 
development of high-frequency motor-generator 
sets capable of outputs up to 1500 kw., with 
frequencies as high as 9600 cevcles per sec Today 
high-frequency motor-generators produce more 
kilowatts for induction heating than any other 
type of frequency conversion equipment. When 
reliable vacuum tubes became available, the de 
velopment of vacuum tube oscillators for both in- 


duction and dielectric heating became practical 





Electronically, the industrial radio-frequency 


generator 1s a simple device, consisting of a basic 
Class “C” oscillator with rectifier powe! supply 


necessary controls and devices. 


Although 


transmitter 


protective 
an offspring of the radio broadcast 

design considerations by necessity 
are quite different. Operating conditions in metal 
fabrication dictate the need for simplicity, rug 
gedness, and flexibility 

Simplicity is a virtue recognized by most users 
The number of controls and adjustments should 
be as few as possible to simplify job set up 
Simplified circuits and easy accessibility to all 
parts of the generator are of prime inportance 
since maimtenance im many plants must be per 
formed by plant electricians who are not familiar 
with complex electronic apparatus. 

Mechanical construction is highly important. 
In industrial plants the generator may be sub- 
jected to vibration and mechanical shock from 
nearby machine tools punch presses shop 
trucks and overhead cranes. Where equipment 
is operated near heat treating furnaces or forge 
presses allowances must be made for high 
ambient temperatures, Insulators and clearances 
between parts of different electrical potentials 
must be chosen with full consideration to the 
inevitable dust, dirt, and oily films present in 
machine shops and heat treating plants 

Metalworking operations performed with in 
duced heat include melting, heat treating to 
obtain specific mechanical properties, heating 
for the movement of metal in forming, forging 
and upsetting, and joining of 
parts and assemblies by brazing 
Control 


and output characteristics must 


soldering and welding 


be adjustable for heating parts 
which vary in material, size 
shape and temperature require 
ments. The industrial radio 
frequency generator must oper 
ate into a wide variety of loads 
most of which change electrical 
characteristics and impedance 
values during the heating cycle 

The effective use of a well 
radio- 


designed industrial 


frequency generator depends 
upon two additional items —the 
heating coil or inductor, and the 
work-handling equipment. De- 
sign of the heating coils is a 
combination electrical and me 
Electrical 


chanical problem 


considerations involve impedance matching flux 
configuration and insulation. Mechanical consid 
erations include clearances, support and cooling 


Work 


from a completely automatic 


handling equipment may be anvthing 
self-loading ma 
chine to a simple jig, which serves primarily to 
position the work accurately in the heating coil 
The method of getting work in and out of the 
coil and degree of automation should be care 
fully chosen for each operation. In tact, the 
success or failure of an induction heating instal 
lation is often determined by the design and 


construction of this part of the apparatus 
Some Typical Installations 


The radio-frequency heating of continuously 


moving steel strip for re-flowing electrolytically 


deposited tin is an excellent example of induction 


heating used as an integral part of a production 


process Figure 1 shows a typical installation 
where strip is heated at rates up to LSO0 linear 
ft. per min. Such installations are 


12.000 kw 


bright tinned surfaces, tre 


muse OVE 
Mirror 


from porosity, are 


of radio-frequency energy 
produced with one third the quantity of tin 
required in the hot dip process 

Another use for high-power radio-frequency 
heating is the hardening of spur gears used in 
tractor transmissions. Two frequencies are re 


quired to produce the hardness pattern which 


Fig. 2—Multistation Induction Gear 
Hardening Installation Using One 10,000 
Cycle Motor-Generator Converter and One 
200,009-Cyel 


Vacuum-Tube Converter 
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hig. 3 


provides the most favorable mechanical stresses. 
Gears are first preheated to just below the hard- 
ening range with 9600-cycle power supplied by 
a motor-generator set. Radio frequency power Is 
then applied at high power density for less than 
a second, using a 200-kw. vacuum tube converter. 
This raises the tooth surfaces rapidly to the 
hardening temperature, and upon quenching the 
desired hardness contour is produced, 

\ typical multistation gear hardening installa- 
tion using one set of high-trequency converters 
is shown in Fig. 2. Each station hardens one type 
of gears so that complete gear sets are produced 


continuously. Gears are loaded and unloaded 


automatically and one operator can easily tend 
soth 9600-cycle and radio 


frequency heat is provided by one inductor or 


five or six stations 


heating coil, the sequence of power application 
and other manipulations being automatically 
timed, A master control schedules the operation 
of the stations. 

Many long, cylindrical parts such as shafts 
and pins are hardened on the outer surface by 
induction. High power densities are required 
for rapid surface heating, to be followed by 
quenching. To perform this operation with gen- 
erators of reasonable size and cost parts are 
\ typical 
machine, manitfactured on machine tool prin- 


“scanned”, or hardened progressively. 


ciples, takes parts from a loading magazine, 
moves them horizontally at a predetermined rate, 
and rotates them as they pass through the heating 
METAL 
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Hopper Ked Automatic Machine 
for Annealing Both Ends of Chain Pins 


coil and spray quench. Scanning 
rates may be up to 2 in. per sec. 
For selective hardening, power is 
applied only when the zones that 
require hardening pass through 
the heating coil. 

For certain parts vertical scan- 
ning is more suitable and ma- 
chines have been built which will 
harden shafts up to 36 in. long 
with manual loading and unload- 
ing. All parts are rotated to insure 
uniform heating and quenching. 
Selected areas can be hardened 
either by removing power or in 
creasing the feed rate through 
untreated zones. 

The machine shown in Fig. 3 
is another example of a produc 
tion tool for induction heating. It 
will anneal both ends of 2400 
chain pins per hour. Parts are 

loaded into a rotary hopper which 
aligns and discharges them into a guide. The 
notched wheel picks pins from the guide and 
carries them through a coil which heats both 
ends. The entire operation is automatic, and 
with the human element eliminated, uniform 
heat treating of every part is assured. 

Induction heating has done much to improve 
working conditions and increase production in 
metalworking plants. Heat treating and fabricat- 
ing operations can now be placed in machining 
and assembly production lines, instead of being 
transported at much expense to a separate heat 
treating department, Recent significant strides 
have been made in the use of induction heating 
with machine tools; in some instances hardening 
is performed on the same unit which does the 
machining, and in others the parts pass to a 
completely automatic induction machine which 
is synchronized with the machine tool. 

Radio-frequency generators do not have the 
kilowatt potential of motor-generator and power 
line frequency equipment because they are 
difficult to use for heating large parts or heavy 
masses and because the large generator sizes 
are an economic disadvantage. There is a definite 


field for 


however, 


radio-frequency induction heating 


where highly concentrated surface 
heat is required, particularly for parts of small 
diameter and cross section. Vacuum-tube oscil 
lators can be pulse-keyed for extremely short 
cycle operation and critical temperature control 


requirements =} 





FTER stating brietly the major facts of mu 
A clear fission and the engineering problems 
that beset the power reactor in competition 
with fuel-fired plants which 
have been discussed in many articles in Metal 
Progress during the past ten years Dr. Smvth 


outlined the Atomic Energy Commissions first 


considerations 


reactol program 

*Early in 1949. the possibility of atomic 
power was atta ked with a plan to build tow 
major reactors 

The first was the materials testing reactor 
MTR, primarily to get information on th 
effects of radiation on uranium fuel elements 
tubes for cooling water, and coolants. 

The built at Idaho was the 
so-called experimental breeder reactor, EBK 
specifically aimed at demonstrating whether 


second reactor 


or not breeding was possible. It is 

The third reactor was to provide power for 
a submarine (submarine thermal reactor 
STR). A similar reactor is now being installed 
in a submarine 
the neutron 
economy problem was solved by using ura 


nium from which much of 


In all three of these reactors 


the uranium-2358 
istotope has been extracted 

{ more modest undertaking initiated later 
is the homogeneous reactor experiment at Oak 
Ridge using a solution of uranyl sulphate in 
which the water serves as the moderator. Its 
obvious advantage is that fuel fabrication and 
continuous purification are enormously simpli 
fied 


pumped continuously 


The solution is 
the 
an outside heat exchanger. It 
turned out to be self-regulating. As the tem 
perature of the reactor rises, its reactivity cle 


Likewise, heat transfer: 


through reactor 


chamber and 


creases and therefore it controls itself. 
Let me summarize some of the Mayor results 
obtained in the last five years: 
So far as neutron eCCOnOMMY 18 concerned we 
light 
the 


have found that we can use beryllium 
addition to 
familiar graphite as moderators 

As to the effects of radiation on fuel ele 
the thermal has 
shown that fuel elements sheathed in zirco 
nium will resist corrosion and radiation effects 
and represent a great improvement over the 
aluminum-sheathed fuel elements in the Han 
ford reactors 


water, and heavy water in 


ments submarine reactor 


In the matter of heat transfer we have found 
we can remove the heat from a reactor by cir- 


culating molten sodium potassium alloy 





—A.E.C. Program for Power Development — 


through it, as in the EBR. We 
pure sodium as a coolant in the second type of 
SIR, now 
We are 


also using pressurize d water in the submarine 


intend to use 


submarine intermediate reactor 


under construction near Schenectady 


thermal reactor 

The fundamental question still to be an 
swered is whether a power producing ura 
nium reactor can be built which will compete 
with other sources of energy. To arrive at an 
economical solution of the problem of nuclear 
power we have decided that there are 
of investigation that the U.S. Atomic Energy 


Commission should pursue in a five-year pro 


yt linn S 


gram.! Obviously, one of these is the general 
program of research on materials, nuclear re 
actions COMPO nits and che The al proce SSCS 
We also wish to build five 
size and cost 

The first) of PWR 
(pressurized water reactor) to generate 60,000 
kw. of electric 


riched 


reactors of varying 


these is the so-called 


power.} It will use slightly en 

and ordinary water 
as a moderator and coolant at 2000 psi. pres 
sure and 600° F in the reactor. The tem 
perature is limited by the corrosion of the fuel 
elements and piping, and the pressure is lim 
ited by the the reactor 
Steam will be delivered to the turbine at about 
600 psi We have no expectation that this 


reactor will produce power as che aply as a 


uranium as fuel 


Wha 


vessel contamimng 


modern coal burning plant, but we hope to 
learn how costs can be cut in lates plants 


The second new 


reactor is a breeder of in 


termediate size. The (continued on p. 160 
*Extracts from address by 
DD. Smyth, U.S. Atomic 


Institute of 


(Commis Henry 


by fore 
March 


bone 
I nervy 
Chemical 


(lommission 
American 
9, 1954 


engineers 


tThe complete program 1 described in a Report 
to the Joint Committee on Atomic Energy of 
gress by the on Research and Devel 
opment, Document No. 4456 publish d March 1954 
boy the Printing Office 


{Requests for 


Clon 
Subcommittes 


Covernment 


industrial participation brought 


nine propo ils from industrial firms or group \ 
Light Co. of 
Pittsburgh whereby that firm will furnish a site near 
Pittsburgh and build the electric generating plant 
at its own expense it $25.000_000) oper 
$5,000,000 toward 
portion (the equivalent of the boiler 
and pay the A. B.C for the heat at 48.3 to 
60.3c per Btu. in the steam 


Electric 


contract was written with Duquesne 


estimated 


ate the entire plant contribute 


the reactor 
plant 


million entering the 


will 


turbines. Westinghouse Corp design 


and construct the reactor 
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Automatic Carbon Control 









By HAROLD IPSEN and EDWARD J. RUPERT* 


Description of instrument and principles for automatic control 


of carbon potential of atmospheres used in batch-type furnaces. 
Method uses automatic determinations of dew point to regulate 
flow of enrichment gas. Results are reported for carburizing 


( ). rik MANY prepared atmospheres 
used in the heat treatment of ferrous alloys, the 
most common is American Gas Assoc. Class 3024 

made by the endothermic processing of gas and 
air — which is ideally suited for clean hardening 
and carburizing. A single generator is used in 
most heat treating arrangements to supply atmos- 
phere for more than one furnace, with the gen- 
erator output being maintained at a constant 
analysis suitable for heat treating in a neutral 
atmosphere. To change the atmosphere for 
carburizing or carbo-nitriding, an additional 
quantity of raw gas, such as propane, butane, or 
natural gas, must be added to each furnace to 
obtain a desired carbon potential. Two important 
ratios generally considered for control are 
H.O:H. and CO.:CO. A test for any one of the 
check of the 


constituents can serve as a 
atmosphere. 

Several methods of controlling the composi- 
tion of this enriching gas, and thus the carbon 
potential of the furnace atmosphere, used in the 
past include; (a) chemical analysis of samples 
of the atmosphere; (b) examination of micro- 
sections of samples of treated work; (c) dew- 
point determinations of the furnace atmosphere 
and their conversion to carbon potential by use 
of a graph such as shown in Fig. 1. 

The objections to these methods are that they 
are time consuming and require a skilled oper- 
ator for their execution. In addition, since these 


*Mr. Ipsen is president, Ipsen Industries, Inc., 
Rockford, Ill., and Mr. Rupert is director of research, 
Ipsenlab of Rockford, Inc. 

tGas-air mixture completely reacted in catalyst- 
filled externally heated chamber and cooled’ to 
eliminate breakdown of CO into C + CO,. Analysis 
of the mixture by volume is 39.8% N., 20.7% CO, 
38.7% H. and 0.8% CH,. 
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and carbo-nitriding treatments for this means of control. 


methods are only spot checks, there is no con 


tinuous record of the carbon potential during the 
entire process. Because the carbon potential is 
affected by the size of load, total surface area of 
the parts, temperature of the furnace, condition 
of the furnace, condition of the generator, and 
dew point of atmosphere at the generator, an 
automatic unit capable of indicating the carbon 
potential within the furnace and controlling the 
flow of enrichment gas is highly desirable for 
heat treating in production operations. 

Many methods were studied and evaluated 
before the conclusion was reached that the 
greatest possibility was in the use of the dew 
point. The use of dew-point determinations was 
already accepted and practiced, and definite 
relationships had been charted between dew 
point and carbon potential. Other favorable con 
siderations were that it is the only method that 
can be readily and quickly checked; no calibra- 
tion is required; and it can be used for all types 
of processing, including carbo-nitriding. From 
known and tested data, carbon potential can be 
plotted accurately in relationship to dew point 
and furnace temperature. 

The family of curves shown in Fig. 1, which 
serve as a basis for the functional aspects of the 
Ipsen “Carbotronik”, reveal these relationships: 

1. As dew point increases at a given tempera- 
ture carbon potential decreases, 

2. As temperature increases, dew point de 
creases for a given carbon potential. 

3.. At constant dew point, carbon potential in 
creases as temperature decreases. 

Adjustment of the dew point can be made by 
(a) changing the dew point or the flow of the 
carrier gas to the furnace, or (b) passing addi- 


tive gas (for example natural gas) to the furnace 













to shift the essential re 





action so as to favor a low 
moisture content. 
A long and careful inves- 


tigation launched to 


find 


dew -point 


Was 
suitable automatic 
measuring 
equipment None was found 
to be commercially avail- 
able on the market simple 
enough in design or uni 
under 


versally successful 


operating conditions. At 
I800?°F 
/900°F 


2LOOO?F 


tention, therefore, was then 


given to a manual device 





for measuring dew point. 








O04 
by 


This done 
bottled CO. as a refriger- 
the 


ance of fog on a polished tube which was visually 


Was using 


ant to cause appear- 

checked. Using this as a standard unit, a second 
tube was placed adjacent to the first and an 
electrical current was applied to it. When fog 
appeared the resistance across the gap between 
tubes decreased, indicating that the fog was 
capable of carrying electricity, This was the 
principle on which an automatic indicating con 
troller for the dew point was built. The CO 
bottle was replaced by a 1/6-hp. household 
refrigeration unit, the polished tubes became 
the platinum electrodes, an electrical resistance 
circuit substituted for the human eye, and the 
bulb thermometer was replaced by an electronic 
instrument. The group was mounted on a panel 
24x72x13 in. and is now known as the Ipsen 
“Dewtronik 2) 


The Dewtronik has the same function as the 


unit ( Fig. 
dew-point cup, with the exception that dew 
points are established approximately every 5 sec. 
The system continuously extracts a small sample 
of furnace atmosphere to a cooling element. Con 
densation of water 
narrow slot between two electrodes 
at the end of 


completes a circuit and allows a cur 


\ apor across a 


Fig. 2 
the cooling element 


rent to flow. The electrode tempera 
ture is raised above the dew point by 
means of a heater around the cooling 
element to evaporate the dew. Thus 
moisture is alternately condensed on 
and dissipated from the electrodes. A 
copper-constantan thermocouple at 
the electrodes measures the dew point 


The Dewtronik 


point and 


temperature records 


the 


Glass 
fr 


dew automatically 





Copper Constantan 
Thermocouple 


Insulator 


Dew- Point Electrodes 


O60 O70 O80 


Carbon, % 
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Fig. 1 — Relationship of Furnace Dew Point of Vari 
ous Temperatures With Carbon Potential for Bright 


Hardening and Carbon Restoration Treatments 


regulates a motorized valve for enriching or 
diluting the furnace atmosphere. 

Several problems were encountered, both in 
manufacturing and in operation of the Dew- 
tronik. One of the first was the removal of the 
An 


pump of the size required was not available, so 


atmosphere from the furnace industrial 


it was necessary to design and build a small 
positive displacement pump capable of with 
standing all types of atmosphere, including 
anhydrous ammonia. 

A second problem, and probably one of the 
most difficult, was to filter solid particles, such 
as carbon, as well as oils from the prepared 
atmosphere. The former were removed readily, 
but the extraction of complex oily substances 
without removing water or moisture was a five 
month project. A combination mechanical and 


organic filtering medium was finally used. 


Schematic Circuit of Ipsen Dew-Point Control System 


Dew-Point Control 


Heating Element 


Copper Cooling Gar 
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Fig. 3 Charts for Dew Point (Le ft 
I mperature 


and Furnace 
Right) for Carburization of Gears 
Shown in Fig. 4, to Depth of 0.020 to 0.030 In. at 
1600° F. To determine the carbon pote ntial of the 
atmosphe re having the deu point indicated for 
this temperature, reference is made to the appro 
priate curve in Fig. 1. Note that with constant 
to 1350° fF 

mcrease d 


flow and a drop in furnace temperature 


prior to quenching the deu pom 


lig. 4 
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The Dewtronik did not record a straight or 


curved line, but a high-frequency oscillation 


This frequency indicated the sensitivity of the 


Dewtector” and the thermocouple by showing 
dew-point determination. At first this 


feature was regarded as objectionable, and _ pro- 


every 
visions were made. to dampen it out. Late 
however, the oscillation was considered to be a 
valuable record of the performance of the sensing 
element. 

Figure 3 is the record of the heat treatment of 
the gears shown in Fig. 4 
were carburized at 1600° F 
to a depth of 0.020 to 0.030 in., then furnace 


cooled to 1350° F. before quenching. 300 cu.ft 


These nine gears 
each weighing 72 Ib 


per hr. of endothermic gas was enriched with 
15 cu.ft. per hr. of natural gas. The dew point of 
the carrier gas at the generator was maintained 
at 25° F. 

The line plotted at the right in Fig. 3 gives 
the temperature within the furnace. It shows 
that a period of only approximately 1 hr. was 
needed to lower the temperature within the heat 
ing zone. This short time was realized by 100% 


forced convection, and by passing combustion ait 


72-Lb. Gears on Unloading Rack After Bright Carburizing 





the 
Dew point during the 
cycle is recorded by the line at 


through radiant 


heating 
tubes. 


Furnace Temperature Contro/ 


Carbotronik 
Hear ng Element 





the left. Note that 
stant flow and a drop in tem- 


the 
furnace atmosphere increased. 


with con- 
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dew of 
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When the Dewtronik was 





first installed to control carbon 
potential in a batch-type fur 
nace, it became necessary to add 
a switch to the temperature 
to 
prevent the enriching gas valve from operating 
prematurely the had 


Control 
Valve 


control instrument in orde1 


before furnace 


reached 
temperature. 

As revealed by the graph in Fig. 1, the dew 
pot mcreases as temperature decreases for a 
given carbon potential. Therefore, to maintain 
a constant carbon potential when a furnace is 
to 


temperature 


comimg up to temperature, it ts 
the the 


It seemed impractical to constantly 


necessary 
change dew point as 
changes 
change the controller setting for the dew point 
so a switch was installed in the furnace tempera 
ture instrument and set at 50° F. below control 
temperature to prevent the control valve for the 
additive gas from opening. 

Because time was lost in carburizing opera 
tions, it was soon apparent that direct reading 
of the dew point was not the best method to 
control furnace carbon potential (although it was 
ideal for controlling the generator). However, it 
the dew point was correlated with furnace tem 
perature, as can be seen from Fig. 1, then we 


could read carbon potential directly. Therefore 


a device was installed on the furnace tempera 


ture instrument to shift the dew point auto 
matically for different furnace temperatures (as 
shown in Fig. 1). An inverted dew point was 
then changed to read in 


percent carbon, and the 


/nsulotor 


Copper Constantan 
Thermocouple 


‘Ipsen 
Dew-Point Electrodes Vewlector 
Fig. 5 — Schematic 
Carbon Control 


Circuit of the 
Carbotronik 


I prse n 
System 


the 


hardenability 


SOW ¢ the 


nitrogen Compensating 


setting used for carburization 
ellect§ of 
for the remainder of the carbon potential to 
produce a file-hard surface. The atmosphere was 
produced from 300 cult per hr. of carrier gas 
enriched with 15 cu.ft. per hr. of natural gas and 
25 cult hr. of record of the 


carbon pote ntial after loading is the plot at the 


per ammonia, A 
left in Fig. 6. The drop in dew point at the end of 
each evcle exceeds the speed of the recorder; 
this is the ragged line sloping downward and to 
the left and indicated by A and B 
the curve where the oscillation starts 
by ¢ 


Phe point on 
identified 


IS where the furnace 2 has Pe hed it rape ra 


hig. 6 Charts for 
Furnace Temperature (Right) for Consecutive Carbo 
Nitriding Treatments, the Record of Carbon Poten 
tial Being Obtained With Carbotronik Instrument in 
Which Dew-Point Pemperature ly Compe nsated so 
That Carbon Is Read Directly. Ragged trace A to 
B is drop in deu ceeding speed of re 
corder; ¢ 


te mi pe rature 


Carbon Potential (Left) and 


poml xe 
come sponds fo point where furnace is at 
DD is ! 


2-min. de 
reloading furnace 


lay for queen hing and 
with « nly chart drive in ope ration 
eas left in 
t« mip rature 


Ek. records deu point of ystem as affected 


hy furnace compensation of 175° 1 





“Carbotronik” 


was evolved 


(Fig. 5) 
automat 


ically coordinating fur- 





nace and 


temperature 
dew point to give any 
desired carbon potential 
from 0.020 to 1 

Figure 6 is the record 
of three 


carbo 


25%. 





consecutive 
treat- 
control 


nitriding 


ments. Carbon 
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for carbo-nitriding was 


set at 45% C instead of 
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pass through, indicating 35 cu.ft. per hr. 








of natural gas. The valve operates with 











a moving piston. By removing material 























to shape the cylinder to a cone, any flow 
desired can be obtained within the range 
of the valve body. A spring-loaded seat 
also prevents flow when in the off posi 
tion. It is well realized that different 


furnaces and different gases will require 
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Fig. 7 — Record of Shallow Case Carburizing Cycle 
A to B Being the Period of Adjustment for Deu 
Point as Furnace Came to Temperature B to C the 
Holding Period at Temperature During Which Flue 
tuations in Temperature About Control Point Caused 
the Pronounced Oscillations in Trace for Dew Point 


ture. The oscillations are of the same frequency 
as on the temperature chart and are the shifting 
of the dew point caused by temperature change. 

When a new load is inserted into the furnace 
the Carbotronik is turned off for 2 min. (the 
chart drive remains in operation as indicated by 
the break in record at D). This keeps the atmos- 
phere that is contaminated with oil and water 
from passing through the sampling lines, and by 
leaving the chart drive running, the chart can 
readily be compared to the furnace temperature 
chart, since they both travel at the same rate. 

The needle-like line, EK, which runs to the 
right and occurs after the 2-min. delay, is furnace 
temperature Compensation of approximately 175° 
F. and is the dew point of the gas left in the 
system from the previous load. It is interesting 
to note that although the processed work had 
the proper case and case depth, the carbon 
potential had not reached its maximum even at 
the time of quenching. Further investigation is 
being conducted on this phase. 

However, there was still another problem to 
be solved. When straight heat treating was 
attempted with the Carbotronik, the enriching 
gas control which had already 
adjusted for carburizing, had too large a flow 
Rather than install two valves,a solenoid operated 
valve was installed in the line along with a 
pressure reducer in a by-pass line. A_ three 
position selector switch was placed on the panel 


When set at Heat Treating, all the enriching gas 


valve, been 


passed through the pressure reducer, and when 
the motorized valve was fully open, the flow 
meter indicated 15 cu.ft. per hr. maximum. When 
set at Carburizing, the solenoid valve became 


energized and allowed full line gas pressure to 
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Furnace Temperature,°F 





modification of the control valve and 
different setting of the pressure reducer. 

An experiment was conducted to de 
termine the time for the carbon poten 
tial to change in the furnace when enriching gas 
is introduced at the control panel. An on-off 
solenoid valve was installed to control the natural 
gas additions to the carrier gas. The flow was set 
for a maximum of 35 cu.ft. per hr. and 400 Tb. 
ot \ LS l. L117 steel cams were loaded into the 
furnace. Fig. 7 is the record of the shallow case 
carburizing cycle. Even with the 2-min. delay 
and time lost in purging, the carbon potential 
was at the control point (0.88% C) before the 
temperature of the load was starting to rise. The 
A to B, is the result of 
over and under shooting caused by the rapid 


first set of oscillations 


reaction of the furnace atmosphere to the enrich- 
ing gas addition or deletion; the last oscillations 
B to C, are caused by the small fluctuations of 
the furnace temperature about the control point 

The Carbotronik maintains the carbon poten 
tial regardless of temperature. The temperature 
shifting of the scale can be noted by the low- 
frequency oscillation occurring on the Carbo 
tronik after the furnace temperature has reached 
the holding stage and in evecling at control point 
within 10° F. 

The unit is effective over a range of 0.20 to 
1.25% carbon, and over a temperature range from 
1400 to 2000° F. 
+ 0.02% C — far more accurate than required 

Use of the Carbotronik and Dewtronik gives 
the following information: 


Accuracy is maintained at 


1. Indicates degree of furnace conditioning 

Records the amount of contamination 
resulting during loading. 

3. Indicates the purging time required for 
change in process. 

1. Responds to the requirements imposed by 
load and surface area. 

5. Permits achieving spec ified carbon content 

6. Provides a permanent record, 

Operation of the Ipsen Carbotronik equipment 
is simple and does not require calibration, only 


periodic cleaning S$ 








Annealing of Titanium 





By FE. R. FUNK* 


Proper temperature for annealing cold worked titanium 


sheet was appraised by pre-straining tensile samples, 
annealing | hr., and then pulling to fracture. 
Best annealing temperature (1100° F.) gave highest total strain. 


biraniom: sheet is now being fabricated 


into various aircraft parts by the more or less 
conventional blanking, forming and drawing op 
“Cold” work otf this sort hardens and 
stiffens the metal 


soft steel sheet, there is a limit to the deforma 


erations 


Exactly as in the working of 


tion that can be safely endured; once this is over- 
stepped the parts will either break in process o1 
lock up so much internal stress that slight addi 
tional loads in service will cause fracture. Also 
as in conventional practice, this “exhausted duc 

tility’ can be restored by annealing —a_ short 
heat treatment at moderate temperature. 

In our work at Goodyear Aircraft Corp. with 
titanium Type Ti 75 A (nominally 0.1 Fe, 0.02 N 
0.04 max. ©, 0.08 max. W) it was desirable to 
know the relationship between amount of cold 
work, annealing temperature and time, and 
amount of elastic recovery —all of which are 
interrelated in a process anneal, 

In most experiments On anne aling and reervs 
tallization of metals, the strain prior to annealing 


is introduced by cold rolling probably the most 


convenient of the available methods A sheet 
originally 0.010 in. thick, for example, cold rolled 
to 0.009 in. would be said to be strained 104 
Since this is a compressive action and since most 
straining in sheet metal forming is by extension 
it is somewhat more realistic to stretch the 
samples under test 

Consequently, a large number of 0.020-in. thick 
tensile test specimens were prepared These 
specimens of Ti75A titanium sheet were 0.5 
in. wide with a relieved area sufficiently long to 
attach an extensometer with a 2-in. gave length 
By careful loading these test specimens were 
given a predetermined amount of plastic tensile 
strain. The specimens were then annealed in an 
air furnace for one hour at various te mperatures 
and finally pulle d to failure at room t mperature 
The amount of strain to fracture after annealing 
added to the 


could be compared with the total strain to frac 


initial strain prior to annealing 


tiire ot unannealed specimen In this Hane 


e} ncinecrng Clon ult int Coodvyve i! 


Akron, Ohio 


Aircraft 
( orp 
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the effectiveness of the annealing treatment could 
be determined. 

True Strain — Since the results are dependent 
upon the addition and comparison of strain, the 
strain must be true strain and not engineering 
strain. By “true strain” is meant the natural loga 
rithm of the ratio between cross-sectional area of 
the specimen before and after a given stress is 
applied, whereas “engineering strain” means the 
stretch per unit length. 

The derivation of the above definition of true 
strain is quite simple. If a bar originally of length 
l is loaded lightly it is stretched a small amount 
dl and the resulting infinitestimal strain is 


ds dl L. 

W hen more load 1S applied, the strain be OmMes 
finite and the strain is evaluated by integrating 
this equation between the limits 1, (the original 
length) and |, (the final length). Such an inte- 
gration results in the following equation 
l, 
ly 
which is to say that the true strain is measured 
by the natural logarithm of the ratio of final to 
original length of the bar 


Strain ¢ In 


This expression can also be evaluated in terms 
of cross-sectional area because it may be assumed 
that the volume of the metal remains constant 
and is only redistributed by plastic deformation 


Accordingly, 
V; Ay I, Vo 


where A; and Ag are the final and original cross 


Ay lo 


sectional areas respectively. From the above re- 
lationship, it can readily be seen that 


1 /lo Ao /Ay 


Fig. 1—Vickers Hardness of Titanium Increases 
With Strain. Hardness measured in necked region 
of tensile specimens made of 0.020-in. Ti75A sheet 


True Strain Unit: 
O7 


< 


Thus, the equation for true strain can be written 
f In Ao/A, 

which gives us the statement made at the begin- 
ning of this section, that true strain is the natural 
logarithm of the ratio between cross-sectional 
area of the specimen before and after a given 
stress is applied. The cross-sectional areas are 
determined from measurements of the width and 
thickness of the specimen taken at the minimum 
cross section at the time 

In contrast to the usual engineering strain, true 
strains are additive — that is, the sum of the parts 
equals the whole. 

True Stress—Two methods of calculating 
stress are also in use which are the complements 
of the true strain and engineering strain. The 
“engineering stress” is the one commonly used in 
reporting data; the load is divided by the original 
area of the spec imen to compute the stress 
When flow or necking begins as a result of plastic 
vielding, the original area is no longer the area 
which carries the load and the engineering stress 
therefore becomes increasingly in error. 

This error can be eliminated if one uses the 
actual area of the specimen at the time. Thus the 
formula for “true stress” is the load divided by 
the actual area. 

Although the true stress is an accurate measure 
of the unit stress actually being experienced by 
the specimen, taking the data is complicated by 
the fact that diameter or thickness and width 
must be measured simultaneously with each load 
reading. On the other hand, data for enginecring 
stress need only the original area and the loads 
during the experiment. Since only the load is 
recorded, it is clear that the engineering stress 
is in direct proportion to the load. Thus, “engi 
neering stress” is a direct measure of the load- 
supporting ability of a specimen. This property 

is of prime interest to de 
signing engineers, while 


the “true stress” is of more 





T y 





interest to scientific ex- 
perimenters. 
Experimental Data— 
Standard sheet metal ten 
sile specimens of Ti75A 
were carefully strained 
various amounts. The aim 
introduce into 
each of 10 specimens 
strains from 2 to 16% in 


steps of 2%. This resulted 


was to 








/O 
vs) € oY 
Engineering Strain, 
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in 80 specimens. Temper- 


atures were chosen rang- 
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Fig. 2—Appraisal of 1-Hr. Annealings by Plot 

ting Temperatures Against Total True Strain to 


Fracture Optimum for Ti75A is 1100° I 


ing from 500 to 1300° F 
each one having a different amount of pre-strain 
could be heated for 1 hi 
peratures 


so a series of specimens 
to the various tem- 


Before describing the results we might men 
tion the hardness measurements on the necked 
region after pre-straining. The average of sev 


eral readings is presented in Fig. 1 where the 


n 
Vicker’s pyramid hardness (5-g. load) is plotted 
against engineering strain and true strain 
Thickness and width of test specimens were 
measured with micrometers and thumb dial indi 
cator. After the pre-strain the necked region was 
surveyed with the thumb dial indicator until the 
narrowest width was found, and measurements 
at this location were used to determine the true 
pre-strain. After fracture the width was deter 
A sam 
ple calculation for specimen No. 44 follows 


mined at the apparent minimum width 


0.502 
pre strain 


Original area 
Area after 


Sq ith 


0.021 
0.465 


0.0105 sq. in 
0.020 0.00930 


True pre-strain ~ In 0.0105/0.00930— In 1.13 0.22 
Area after fracture 0.320 * 0.020 — 0.00640 sq. in 
True strain after anneal In 0.00930/0.00640 
In 1.45 = 0.372 
Total strain to fracture — 0.122 
1300° F 


0.372 0.494 
Temperature of anneal 


Time of anneal l hi 


Conclusions — In spite of the large amount of 
data, the results can be presented in a singh 
curve, shown in Fig. 2. Inherent inadequacies 
of the method are rather large. For example 
seven samples were pulled to fracture in condi 
tion as received (no pre-strain, no anneal) and 
the true strain at fracture was computed at 0.452 
0.464, 0.470, 0.432, 0.425, 0.425, and 0.451, or an 
arithmetical mean of 0.450 plus 0.032 minus 0.025 
The samples which were pre-strained and then 


pulled to destruction without any anneal devel 


oped a total true strain of 0.509, 0.490, 0.455, 
0.460, 0.482, 0.451 and 0.451, an arithmetical 
mean of 0.471 plus 0.038 minus 0.021 
ure is plotted on the RT or room temperature 


ordinate in Fig. 2. ) 


( This fig 


Similarly the ten specimens given an engineer 
ing pre-strain of 14% showed a variable true pre 
strain or measurement — namely, 0.344, 0.157 
0.210, 0.195, 0.197, 0.278, 0.197, 0.210, 0.255 
(0.262, an arithmetical mean of 0.230 plus 0.114 
minus 0.035 

Our experiments therefore did not detect the 
known decrease in “annealing temperature” with 
increased amounts of cold work — by “annealing 
temperature” is meant that temperature where 
the original ductility is restored (within reason 
able time). A trend in this direction was detect- 
able, but the scatter in the data was too great to 
\ part of the seatter re 
sulted from the fact that the amount of true pre 


strain introduced varied considerably from the 


be analyzed by a plot 


intended values, set by extension of the specimen 
a given amount. Such a scatter is noted in the 
figures quoted in the preceding paragraph for 
engineering pre-strain of 14% 

Our data confirm, in a general way, that the 
softening in this annealing range is greater at 
higher pre-strain values. For example the total 
true strains to fracture (after annealing 1 hr. at 
1200° F.) for various pre-strains are as follows 


STKAIN TO TorTal 


STRAIN 
0.473 
0.477 
0.530 
0.499 
0.503 
0.556 
0.480 
0.562 


Pre-STRAIN 
0.020 
0.030 
0.04] 0.489 
0.053 0.445 
0.104 0.399 
0.178 0.378 
0.210 0.278 
0.300 0.262 


lh RACTURE 
0.458 
0.457 


Averaged data, as plotted in Fig. 2, show thre 
definite regions of great concern to fabricators 
of titanium. At temperatures below 700° F., no 
As the te mpera 
ture increases, the amount of softening increases 


up to about 1100° F. Above 1100° F.. the embrit 
tling effect from the pick-up of oxygen and nitro 


annealing | softening ) occurs 


gen begins to overshadow the softening effect of 
the heat, and above 1350° F. the sum total of the 
heating in air is detrimental. This effect of ex 
posure of titanium to oxygen and nitrogen at 
elevated te mperatures has been discussed in the 
recent technical literature 

Optimum softness without danger of cmbrit 


tlement is assured by stress relieving Ti75A at 


1100" F. for 1 ty & 
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ok Review 


Monograph on Aluminum 
Reviewed by FRANK G. NORRIS* 


Aluminum in Tron and Steel, by Samuel L 
Case and Kent R. Van Horn. 478 p. Alloys 
of Iron Research Monograph Series. Pub- 
lished by John Wiley & Sons, Inc., New 
York, for the Engineering Foundation. $8.50 


r | 

os latest monograph in the Alloys of 
Iron Research series deals with more than alumi 
num in iron and steel. In fact, it considers a vast 
area of the entire field of metallurgy and also has 
philosophical and epistemological implications. 
It is not written by the authors alone, for they 
have assembled information from the world tech 
nical press. Yet it is more than a compilation or 
review. Many tables and charts of original data 
are provided so that the discerning student can 
form his own conclusions, free from the possible 
bias of discussion or interpretation. 

In the same sense that the book was not writ 
ten by the authors, it can be said that it has not 
been read by the reviewer. The entire book has 
been scanned, it has been browsed, only part of 
it has been read, some parts have been reread and 
That is the kind of book it is 
Reading it straight through would be a formid 


others studied. 


able task, something like reading an encyclope 
dia. Many readers will find that the introductory 
discussion at the beginning of each chapter and 
the summary furnish an easy way to bring one’s 
general information up to date. 

As a background for the discussion of this book 
an informal survey was recently made by noting 


the response to three 


words. To the word 
“Brinell’, most people replied “hardness”. (Some 
said “Rockwell”. ) 

To the word “Carnot” practically all of the 


engineers said “evcle”, which, of course, is the 


*Myr. Norris is on the general staff of Wheeling 
Steel Corp. His title (metallurgical engineer—statis 
tics) gives little inkling of his wide knowledge of 
openhearth steelmaking as practiced in American 
tonnage shops 
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expected reply. (Some variants were “car yes” 
or “how do you spell it?”) 

To the word “aluminum” there were a wide 
variety of replies. The only definite pattern was 
the universal indication that everyone was fa 
miliar with the term and had used aluminum in 
some way. Some said “deoxidize”’, some said 
“killed”, some said “metal”, some said “paint” or 
“siding”, some said “company”, and some said 
“pots and pans’. 

Now, reverting to the first response to “Brinell’, 
it is interesting to surmise Brinell’s opinion of 
this reaction to his name some 50 vears after his 
investigation of porosity in ingots. There is some 
ground to believe that Brinell’s primary purpose 
was to compare various deoxidizers in their effect 
on the structure and properties of steel. Hard 
ness was one (but only one) of these properties 
In order to study hardness he contrived a device 
which was so successful that it is now regarded 
by some as his major accomplishment. The halo 
of Brinell’s illuminates many of the 
pages of this book by Case and Van Horn. It is 
the type of book he would probably enjoy brows 
ing through, lingering here and there to nod in 
confirmation o1 


influence 


to wonder at new discoveries 

Carnot, on the other hand, was an idealist. He 
showed how a gas could be made to do useful 
work and be returned to its initial conditions of 
temperature and pressure. A cynic might say 
“How can you expect to get any where just going 
With full realiza 
tion that analogies are treacherous, let us think 
for a 


around in circles (or evcles)? 


moment of the evele of expansion and 


condensation of information and of the useful 
work that results 


stant corresponding to the weight of gas that 


Truth presumably is the con 


does not change during the cycle. Data represent 
various aspects of the truth which are revealed 
from time to time bv investigators using in 
genious methods. The volume expands with the 
publication and description of the data; the arti 
cles are indexed and abstracted and the abstracts 
indexed. Then a book is published and is now 
Ultimately reference to this 
book review will appear in an index. 

The cynic may ask, “Isn't all of this paper work 


just going around in circles?” The idealist knows 


being reviewed. 





that the evcle isn't ideal, that something has been 
lost. The philosopher wonders in the sense that 


he stands in awe. Has truth been increased. or 


is it only our understanding that is helped by 


decreasing the effort of search and increasing 
the accessibility of known information? 
Finally 


we rd 


the unpredictable response to the 
“aluminum” suggests the wide range of 
interest that is covered in this book. When it is 
considered that, of all the metals, aluminum is 
second only to silicon in abundance, and that 
iron and steel are the metals used in the greatest 
amounts, it is not surprising that the intersection 
of these two fields is itself an area of no mean 
extent. Anv book carries the imprint of the back 
ground of the author (in this case, the united 
backgrounds of both authors). Even though the 
title suggests a limited scope, and even though 
the authors have staved within these bounds, the 
book has a broad appeal to both theoretical and 
practical aspects of all of metallurgy and much of 
physical chemistry. It is virtually impossible to 
think of any topic pertaining to the general field 
of metallurgy that is not discussed or alluded 
to in this book 
come to yvour mind. Then look for reference to 
them in this book 


\ vast amount of material (341 bibliography 


Write down ten subjects that 
It is an interesting pastime 


references) has been logically arranged and com 
petently presented Covering, as it does, such 
a wide field of interest, the question may arise 
“Is this book suitable for a text 
formal class Or for home study for those who 


wish to keep abreast of the ‘revolution that took 


either for a 


place in metallurgical thinking regarding the 
role plaved by aluminum . during the war 
Quite likely it 
would be a difficult book to use for a text. A 


handful of pearls has a certain value and beauty 


vears and immediately after?” 


How much more beautiful they become when 
strung into a necklace! The general subject 
“aluminum in iron and steel” is the thread of 
continuity that enhances the beautv of the many 
In what 
better wav could the interdependence of many 


gems of information assembled here 


subjects be shown? The fatal disconnection of 
subjects does much to kill the vitality of our 
modern curriculum. The suggestion that the 
text is difficult leads, of course, to the comment 
of one of the great philosophers of our times 
Alfred North Whitehead: “Whenever a textbook 
is written of real educational worth, vou mav be 
quite certain that some reviewer will say that it 
will be difficult to teach from it.” 


The preparation of a hook review is a heady 


areas in a single steel specimen 


elixir that can easily cause one to veer from the 
middle course of discretion and either ascend to 
the heights of inordinate praise or fall into the 
ditch of carping pickiness. It may be best to 
evade the question “Ts this a good book?” by 
recalling the remark of the 


“There is nothing either good or bad, but think 


melancholy Dane 


ing makes it so; to me it is a prison.” 

The obvious parallel is, “Aluminum in steel is 
neither good nor bad, but intent (o1 Sper ification) 
makes it so; to some it is a poison.” 

The importance of intent is illustrated by con 
sidering hardness. In carburized steel, for ex 
ample sott spots are the source of considerable 
concern, as are hard spots in soft steel intended 
for deep drawing. Compare this thought with 
the quotation from page 107: “The selection of a 
proc ess for the aluminum coating ot ste el should 
be influenced by the expected service of the 
coating as well as by economic considerations 

How simple general principles seem when 
finally unraveled from obscuring details and ex 
plained bv a master! Consider the concept ot 
normality given in the quotation from page 110 

“The terms normal and abnormal, while often 
applied to steels, are really ce scriptive of the 
structure obtained under certain carburizing con 
ditions rather than of a property of the steel 
Both types of structure may be found in adjacent 
The same steel 
may produce an abnormal structure when box 
carburized with a solid carburizing compound 
and a normal structure when gas carburized.” 

Yet how frequently the steelmaking process 
has been blamed for produc me abnormal steel 
If an investigation is carefully planned and well 
executed can it be said to be fruitless merely 
negative? Were the 


Thanh hours wasted that were spent looking he the 


because the results are 


openhearth for conditions present: in the car 
burizing box? 

A book that provide s factual answers and also 
stimulates the reader to ask as many questions 
as are answered provides an interesting pastime 
a profitable source of information, and a pro 
vocative inspiration to further study. And so 
after having thumbed hastily through this book 
pausing to read a few of the high spots, past 
knowledge appears in just a little different light 
Brinell suggests a man who set out to study 
deoxidation and along the way did that which 
most of us remember. Carnot suggests that in 


formation as well as 


substances passes through an 


ideal evele. Aluminum suggests almost anvthing 
wecording to our background of « Yperience r+] 
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Cathodic Vacuum Etching 






Electron Micrograph at 





23.000 of Type 322 
Stainless, Etched With 
the New Technique 








By T. R. PADDEN and F. M. CAIN, JR.* 


New design of equipment using zirconium fittings 


and cooled cathode reduces etching time to one 
to three minutes in standardized routine and 
handles difficult compacts and couples as easily 






W, 
HEN a metal is made the cathode in 


vacuum glow discharge, subjecting it to posi 


a 


tive ion bombardment, some of the metal is 
ejected from the surface. The dislodged atoms 
diffuse through the gas and deposit on the 
walls of the vacuum system or on the electrodes. 
This process, usually called “sputtering”, has 
been used for many years to form films of metal 
for various purposes such as the coating of 
mirrors. The removal of the metal from the 
cathode surface is not completely random but 
is related to the microstructure of the cathode: 
the resulting etched surface is similar in appear 
ance to surfaces produced by chemical or elec 
trochemical etching. This specific application 
of sputtering to the development of the macro 


structure and microstructure of metallographic 


*Westinghouse Atomic Power Division, Bettis 
Field, Pittsburgh. The work was done under con- 
tract AT-11-1-Gen-14 with the U 


Commission. 


S. Atomic Energy 
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as the common metals and alloys 





specimens has been termed “cathodic vacuum 


etching”. 

The glow discharge is established by applying 
a high potential between two electrodes in a 
partial vacuum and can be maintained under a 
variety of conditions of pressure, types of residual 
gas, electrode dimensions, and temperature, as 
well as potential, current and degree of current 
rectification. Since the primary purpose of cath- 
odic vacuum etching is to reveal the micro- 
structures without change or without introducing 
any artifacts, the experimental conditions must 
be properly chosen. 

A very useful and versatile technique has been 
developed which fulfills these requirements. 
Etching times are of the order of 1 to 3 min. as 
compared with 1 to 3 hr. using previously 
described techniques. A description of the 
equipment and procedure, together with typical 
optical and electron micrographs, is presented 
in this article. 











Literature Review — |. Strong in “Procedures 
in Experimental Physics” reviewed a number of 
See reference 1 in the 
Although most of these 


carried out 


sputtering investigations 
bibliography on p. 16% 


studies were under conditions 


unsuited to cathodic vacuum etching, the results 


can be used as a guide. For example, the 


sputtering rate of silver increases 


atmosphere in the 


with gas 


order helium, hydrogen 
nitrogen, and argon; it increases a little less than 
linearly with voltage, and a little more than 


linearly with sputtering current (depending 
somewhat on the other experimental conditions 

Tables are included in Strong’s article ranking a 
number of metals according to their sputtering 
rates under various conditions. A discussion of 
the theories of cathode sputtering is available in 


3 and 4 (p. 164). In 


several empirical equations the sputtering rate 


literature references 2, 


of a metal is related to an inverse function of 
its heat of 


evaporation 


sublimation or its total heat = of 


Feitknecht® in 1924 developed microstructures 
of a number of nonferrous metals and although 
the sample surfaces showed many artifacts, he 
established the feasibility of the technique 
C. S$. Smith" in 1927 described a fast and simple 
cathodic vacuum etching procedure but the 
contrast of the resulting microstructures was 
dependent upon preferential staining concurrent 
with etching. D. McCutcheon’ revived interest in 
the technique in 1949 and shortly thereafter® he 
and W. Pahlin Metal Progress for November 1949 
p. 679, demonstrated the usefulness of this meth 
od in the development of “flow-lines” in forgings 
Thev also showed that cathodic vacuum etching 
revealed microstructures which sometimes were 
superior in quality to those obtained with 
chemical etchants and that this technique was 
particularly good for highly alloyed materials 
difficult to etch chemically. T. F. 


C. E. Weber® described equipment and a pro 


Fisher and 


cedure using purified krypton. While this was 
designed primarily tor sputtering, they observed 
that when operating their equipment at very 
low power their maximum cathode temperature 
(615° F 


different grains and phases in samples of zit 


was 325" ( and that contrast between 
conium, titanium, and beryllium was obtained 
in their svstem when it was used in a manne 
analogous to that described by McCutcheon 


The most promising procedures have been 


Fig. 1 


General 


lengthy, usually requiring etching times of at 
least one hour and often spec ial precautions to 
msure gas purity 

Equipment Design — Our cathodic vacuum 
etching equipment is similar to previous designs 
in some respects while some of its other fea 
tures enable us to use an etching procedure 
which is much faster and more versatile than 
those pres iously desc ribed. 

The equipment was designed around a con 
ventional evaporator of the type used for 
shadowing in electron MICTOSCOPY The vacuum 
system consists of a 12-in. bell jar, mechanical 
roughing vacuum line 


The high 


voltage source is a 5000-volt, 50-milliamp. full 


pump diffusion pump 


needle valve, and discharge vave 
wave rectified direct-current power supply with 
a positive ground and a 60,000-ohm. current 
limiting resistor. The general arrangement. is 
shown in Fig. 1. The cathode is suspended from 
the top of the bell jar and the anode mount 
rests on the evaporator base plate These are 
shielded so that an isolated glow cell is operated 
within the vacuum chamber. The desired gas 


pressure is maintained in the bell jar by estab 
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Fig. 2 — Microstructure of Uranium. Left — metal 


rolled below alpha to beta transition. Cathodic- 
ally vacuum etched for 3 min.; 250 Center 
metal as at left after annealing 100 min. at 


lishing a dynamic equilibrium between the 
pumping speed and a controlled argon leak 
through the needle valve. 

The cathode is designed so high current 
densities can be used (resulting in much shorter 
etching times) without excessively heating the 
sample, and so the etching conditions can be 
standardized although the samples used are of 
various sizes and shapes. The cathode consists 
of a face plate, 1.125 in. in diameter, the sample, 
and bolts for clamping the two together. The 
eflective area of the cathode is fixed; therefore 
the electrical conditions for etching can be 
standardized. Fittings were made from = zircon- 
ium and aluminum because of the slow etching 
rates of these metals 

With the electrical conditions standardized, 
the cooling requirements are fixed and the 
cathode can be cooled with the simple arrange 
ment shown in Fig. 1. Heat is conducted from 
the cathode mount to an external heat sink by 
copper fittings; a mixture of dry ice and trichloro- 
ethylene is the coolant. With this arrangement 
the sample is always below 450° F. (230° C.) —a 
temperature determined by etching a sample of 
pure tin which did not melt in 6-min. exposure. 
The cooling time after ion bombardment is 
adjusted so that the sample is just above room 
temperature when removed, thus eliminating 


the possibility of 


condensation from the 


atmosphere, 

If the bottom of the glass shield surrounding 
the cathode mount is in contact with the face 
plate, the glass is attacked and there are sudden 
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700° C 1290° F.). Cathodic ally vacuum etched 
for I min.; 500%. Right — same metal as center 
electrolytic polish in 


Photographe d= sunder 


solution 
polarized light 250 


chromic-acetie 


current surges which overload the relay and cut 
off the power. With the cathode mount shielded 
as shown in Fig. 1, these difficulties are elimi 
nated and etching is confined to the sample and 
the cathode fittings 

The aluminum anode (2.75 in. diameter) is 
placed 4 in. from the cathode, so it is tar outside 
the “Crookes dark space” for the electrical con 
ditions and vacuum existing. Consequently, most 
of the sputtered metal deposits on the easily 
cleaned, cylindrical glass shield surrounding the 
electrodes. 

As a further precaution against contaminating 
the evaporator, the anode and mount are made 
in the form of a baflle which inhibits diffusion 
of any metal vapor that escapes deposition on 


the shield. During operation, everything is en 


closed in a lucite box, leaving only the insulated 
high-voltage connector exposed. This box serves 
the dual purpose of protection from accidental 
collapse of the bell jar and electrical shock. 

This equipment is designed so the variables 
can be changed easily; however, one set of 
geometrical, electrical and pressure conditions 
was satisfactory for all but one sample tried thus 
far, a silver-cadmium alloy which etched too fast 
for the standard procedure. 

Procedure — A sample with one of two parallel 
faces mechanically polished is clamped to the 
cathode face plate with the polished face 
exposed, Shields are adjusted and the bell jar 
is placed in position. The system is pumped to 
about 1 micron and then flushed several times 
with argon. The pressure in the bell jar is then 





adjusted to 50 microns. Dry ice and _ trichloro 
loaded into the coolant tray and 
the power supply warmed up, and after about 
3 min. the 


e thyle ‘ne are 


high-voltage is applied by setting 


the power control. Initially the voltage across 
the glow cell is about half the predetermined 
maximum and, as the conductivity of the cell 
changes, the resistance of the glow cell in rela 
tion to the current-limiting resistor also changes 
resulting in an increase in voltage across the cell 
and a drop in current. When the voltage reaches 
a steady value, deposition of metal on the glass 
shield is observed; this induction period is from 
0.5 to 2 min 


“Etching time” commences with 


the electrical steady state; it is usually between 
1 and 3 min. The high voltage is turned off and 
argon supplied to bring the jar to atmospheric 
pressure. The sample is removed and is ready 
for microscopic examination. 


The complete procedure requires about 20 min 
Metallographic Applications 


In order to demonstrate the utility of cathodic 
vacuum etching as a metallographic tool as well 


as to show its versatility, a variety of materials 


unalloyed nonferrous materials 


were tested: (a 
(b) allovs, (¢) complex materials, (d) dissimilar 
metal couples 

In general, the similar 


to those which might be expected from non 


microstructures were 


staining chemical etchants; consequently, their 


interpretation is similar. 


Contrast was always 


good and staining was absent. Results were 


usually appreciably better than obtained with 


chemical and electrochemical etchants as used in 


big ) 


hte hing of Complex 
graphitic 


Stellite 150 


Structures. Left 
Center — carbide; 834 


this laboratory Specimens were best observed 
with bright-field illumination, 


of zirconium also displayed excellent structural 


although samples 


detail under polarized light 

The micrographs in Fig. 2 exemplify some 
of the particular advantages of cathodic vacuum 
etching. It is quite difficult to develop the micro 
structure of uranium by other methods without 
pitting the inclusions or staining the surface 
With our standardized cathodic vacuum etching 
procedure, however. these objectives cali be 
readily attained. Furthermore, the depth of the 
etch can be adjusted by varying the etching time 
so that etching for short times can be used as 
routine preparation for cleanliness ratings. 

A 70-30) silver-cadmium alloy is the only 
sample tried thus far which could not be etched 
conveniently with the standard procedure, The 
etching rate was so fast that the depth of the 
etch could not be controlled. The power input 
could have been lowered to slow down the 
etching rate in argon, but it was of more interest 
to introduce air and compare the etching rates 
at the same power (and consequently the same 
temperature range). Its etching rate in air was 


considerably less than in argon the etching 


rate increases with increase in the mass of 
impinging ions 

The illustration at the beginning of this article 
is from an electron micrograph of a Type 322 
(565" ¢ 


and cathodically vacuum etched for 


stainless steel, age hardened at 1050° F 
for 45 min 
{1 min. It was made from a parlodion negative 


surface and 


Although the 


replica stripped dry from the 


shadowed with uranium useful 


carbide 15% 


cecramet 70% 


nickel 


chromium, 30% 


Wg: 


( hromium 


Right 


hinder 250 
alumina; 400» 
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/ iw / Interface Between Zirconium 


Top and Uranium Alloy (Bottom); 250 


ness ol 
metallography has not been thoroughly investi- 
gated, its probable utility is indicated by the 


detail developed in this sample, and the wide 


the new etching method to electron 


applicability of this technique to conventional 
metallography. 

In addition to the four materials mentioned 
previously the technique has been applied to 
nickel, 


silicon bronze. 


copper aluminum, cupronickel and 


Figure 3 further demonstrates the general 
applicability to complex materials. They are 
particularly interesting since they contain phases 
which range from good electrical conductors to 
nonconductors, The graphite in the Stellite, the 
the all 


etched by ion bombardment 


chromium carbide, and alumina were 
but in 
general these poorer conductors did 
not etch as fast as the metals. 

\ fundamentally difficult problem 
existing the 


preparation of dissimilar metal cou 


in metallography — is 
ples. Occasionally a single chemical 
etchant can be found which will 
serve for a particular couple; some 
times successive etching in different 
reagents will solve the problem, but 
often the etchant for one component 
will pit or obliterate the structure of 
the other and attack the interface by 


galvanic action. On the contrary, 


cathodic vacuum etching appears to 


the 
microstructures are developed simul 


be nonspecific “in nature, so 


taneously and the interface areas are 
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Hard Chromium 


A“ 


well preserved. However this appli- 
cation is limited by the relative etch- 
ing rates of the materials present. 
For example, attempts to etch a 
couple between a 70-30 Ag-Cd alloy 
and stainless steel (as well as a galva- 
nized iron) failed due to a great dif- 
ference in height across the interface. 

Excellent results were obtained by 
cathodic vacuum etching of such 
dissimilar metal couples as zircon- 


4) 


cupronickel on Type 347 stainless 


ium on uranium alloy (Fig. 


and hard facing on stainless. Struc- 
of both 
sample were developed in detail 


the 


preserved, 


tures materials in each 


and interface areas are well 


hard chro 
mium plate on stainless steel 17-4 PH (17% Cr 
1% Ni, 4% Cu). Note that in addition to the usual 


cracks seen in hard chromium plate, cathodic 


Another good example is Fig. 5 


vacuum etching has developed the columnar 
grain structure. 
Additional Cathodic 


etching has other possibilities, such as removing 


Applications vacuum 
oxides from intricately shaped metal pieces and 
preparing standard surfaces for corrosion studies. 
This etching technique should be especially 
suited to electron microscopy since there are no 
apparent etching byproducts, and preshadowed 
replicas could be made of an etched surface 
that has been exposed only to an argon atmos- 
of 
ceramics, for microstudy is another possible ap 
plication of the method 


phere. Etching nonconductors, such as 


Continued on p. 162 


Plate 
~“ } 
tae % 


\ 


on 17-4 PH Stainless; 400 





Conquers Heat, Erosion and Corrosion... Stainless steels 
containing nickel give outstanding performance, for exam- 
ple, in vital components of combustion gas turbines pro- 
duced by Westinghouse Electric Corp., Philadelphia, Pa. 
One such part, the rotor section shown here, comprises 
interlocking discs of 19-9 DL stainless, held together by 
heat resisting alloy bolts. Into pine-tree grooves machined 
on these discs are inserted special high temperature alloy 
blades which take the brunt of attack in converting heat 
into mechanical power. The combustion chamber in which 
the gases are burned is lined with 25% cr — 20% ni stain- 
less steel. 





TAI N LESS — THE ANSWERS... 





Thousands of designers and engineers have found aus- 
tenitic chromium-nickel stainless steels to be the key 
to new high standards of product performance and 
minimum operating costs. You, too, may find that a 
stainless steel containing nickel will help solve your 
metal problem. 


1. At Elevated Temperatures 


Stainless steels of this type possess the two essential 
qualities for successful use at elevated temperatures. 
By virtue of the chromium content, and assisted by the 
nickel content, they have outstanding resistance to scal- 
ing and oxidation. The nickel content also results in 
high creep strength and stress-to-rupture properties. 
Combined, these properties permit use of chromium- 
nickel stainless even in thin sections required for light- 
weight design. 


2. At Sub-Zero Temperatures 


Experience has shown that unalloyed steels become 
embrittled rapidly as temperature is lowered below 
normal. Nickel is by far the best alloying element to 
prevent brittleness. At sub-zero temperatures, chro- 
mium-nickel stainless steels provide unsurpassed im- 
pact values. These steels retain such a high level of 
toughness that they are known to be useful at tempera- 
tures as low as —400 F. and possibly even lower. 


3. Under Corrosive Conditions 


Selection of exactly the right alloy for your specific 
needs may be made from some thirty alloy steels quali- 


THE INTERNATIONAL NICKEL COMPANY, INC. 


fied to carry the family name “Stainless.” By virtue of 
their strength and resistance to attack by chemicals 
and atmospheres over a wide range of concentrations 
and temperatures, these austenitic chromium-nickel 
steels assure not only longer life of the equipment and 
purity of product, but also permit decrease of bulk 
and deadweight without sacrificing safety. 


4. Where Erosion Is A Problem 


Chromium-nickel stainless offers the utmost in re- 
sistance to erosion and cavitation. By cold working, it 
is possible to increase the tensile strength to as much 
as 300,000 psi. When subjected to erosion, the erosive 
media work hardens the surface and, correspondingly, 
curbs the attack. This resistance to erosion combined 
with corrosion resistance results in prolonged life for 
equipment made from the chromium-nickel stainless 
steels. 


5. Use Stainless To Meet Complex Requirements 


Utilize the unique combination of properties pro- 
vided by chromium-nickel stainless steels when design- 
ing new products or improving old ones. You can draw, 
spin, forge, weld, solder, punch, shear or bend chro- 
mium-nickel stainless steels. Leading steel companies 


produce these austenitic alloys in 
ne Ais. s 


all commercial forms. A list of 

sources of supply will be furnished 
67 WALL STREET 
NEW YORK 5, N.Y. 


on request. 
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A.1.8S.1. Standard Alloy Steel Compositions © 


AA.S.A. List Revised 


Openhearth and Electric Furnace Alloy Steels 
February, 1954 


(Bars, billets, blooms and slabs up to 200 sq.in., 18 in, wide or 10,000 lb.) 





AISI 
NuMBER (b/) 


A.1S.I. 
NUMBER (Db) 


5135 
5140 
5145 
5147 
5150 
5152 
5155 
5160 
E50100 
E51100 
E52100 
6117 
6120 
6145 
6150 
TS8115 
TS8117 
TS8120 
TS8122 
TS8123 
TS8125 
TS8126 
TS8127 
TS8128 
8615 
TS8615 
8617 
TS8617 
8620 
TS 8620 


8622 
TS 8622 
8625 
TS 8625 
8627 
TS 8627 
8630 
8635 
8637 
8640 
8641 (d) 
8642 
8645 
86B 45 (h) 


8650 
8653 
8655 
8660 


8715 
8717 
8720 
8735 
8740 
8742 
8750 
9255 (g) 
9260 (g) 
9261 (g) 
9262 (g) 
E9310 
E9314 
9840 
9845 
9850 


MN 


1.60-1.90 
1.60-1.90 
1.60-1.90 
1.60-1.90 
0.40-0.60 
0.40-0.60 
0.45-0.60 
0.60-0.80 
0.60-0.80 
0.60-0.80 
0.70-0.90 
0.45-0.60 
0.45-0.60 
0.75-1.00 
0.70-0.90 
0.70-0.90 
0.70-0.90 
0.70-0.90 
0.70-0.90 
0.70-0.90 
0.70-0.90 
0.70-0.90 
0.75-1.00 
0.75-1.00 
0.75-1.00 
0.70-0.90 
0.40-0.60 
0.45-0.65 
0.45-0.65 
10-0.90 
-0.90 
-1.00 
-1.00 
80-1.05 


0.75-1.00 
0.80-1.05 
0.75-1.00 
0.80-1.05 
0.75-1.00 
0.75-1.00 
0.80-1.05 


0.45-0.65 
0.60-0.80 
0.60-0.80 
0.65-0.85 


0.25-0.45 
0.45-0.65 
0.45-0.65 
0.45-0.65 
0.50-0.70 
0.70-0.90 
0.60-0.80 1.65-2.00 
0.50-0.70 0.90-1.20 
0.40-060 ; 
0.40-0.60 : 
0.40-0.60 

0.50-0.70 

0.30-0.50 

0.75-1.00 

0.70-0.90 

0.70-0.90 

0.70-0.90 

0.60-0.80 


NI 





1330 
1335 
1340 
1345 
2317 
2515 
E2517 
3120 
3130 
3135 
3140 
E3310 
E3316 
TS4012 
4023 
4024 
4027 
4028 
4032 
4037 
4042 
4047 
4053 
4063 
4068 
4118 
4130 
TS4130 
TS4132 
4135 
4137 
TS4137 
4140 
TS4140 
4142 


2 


' 
259595555532 5555 


0.80-1.05 
0.70-0.90 
0.70-0.90 
0.85-1.15 


360 5 


Cunw Cw cna VOMem Uw 


3.25-3.75 
4.75-5.25 
4.75-5.25 
1.10-1.40 
1.10-1.40 
1.10-1.40 
1.10-1.40 
3.25-3.75 
3.25-3.75 


0.08-0.13 
0.14-0.19 
0.09-0.14 
0.20-0.25 
0.20-0.25 
0.25-0.30 
0.25-0.30 
0.30-0.35 
0.35-0.40 
0.40-0.45 
0.45-0.50 
0.50-0.56 
0.60-0.67 
0.63-0.70 
0.18-0.23 
0.28-0.33 
0.28-0.33 
0.30-0.35 
0.33-0.38 0 
0.35-0.40 0.7( 
0.35-0.40 0.75 
0.75 
0 
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0.70-0.90 
0.70-0.90 
0.70-0.90 
0.70-0.90 
0.70-0.90 
0.70-0.90 
0.70-0.90 
0.70-0.90 
0-0.90 
-0.90 
-0.90 
10-0.90 
70-0.90 
10-0.90 
-0.90 
70-0.90 
-0.90 
70-0.90 
10-0.90 
10-0.90 
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Norte (a) — All chemical ranges and limits are sub- 


0.35% copper, 0.25% 
ject to the standard variations for check analysis over 


molybdenum. 


nickel, 0.20% chromium and 0.06% 





or under specification. 

Notre (b)-—Numbers with prefix E are generally 
made in basic electric furnaces and unless otherwise 
noted the following specifications hold: Phosphorus 
0.025% max., sulphur 0.025% max., silicon 0.20 to 0.35%. 

Numbers without letter prefix are ordinarily made 
in basic openhearth furnaces and unless otherwise noted 
the following specifications hold: Phosphorus 0.040% 
max., sulphur 0.040% max., silicon 0.20 to 0.35%. 

Specification limits for the acid electric and acid 
openhearth processes are: Phosphorus 0.050% max., 
sulphur 0.050% max., silicon 0.15 to 0.35%. 

In all processes the maximum allowable quantities 
of unspecified and incidental elements are as follows: 


Numbers with prefix TS represent tentative stand- 
ards designed to conserve strategic alloys. 

Note (c) — When this steel is made in openhearth 
furnaces the manganese is 0.40 to 0.60%. 

Nore /d) — Resuiphurized steels; sulphur is 0.035 to 
0.050% except in 8641 where it is 0.040 to 0.060%. 

Nore (e) — When this steel is made in electric fur- 
naces the manganese is 0.65 to 0.85%. 

Nore (f/f) — Silicon is 0.25% max 

Note (g/ — Silico-manganese steels; silicon range is 
1.80 to 2.20%. 

Note (h)— This steel can be expected to have 
0.0005 min. boron. 





METAL PROGRESS DATA SHEET; JULY 1, 1954; PAGE 112-B 








they're all 


\ = 


STAINLESS 


These full-length dome cars are part of an order for 121 
being built by The Budd Company for the Santa Fe 
Railway. They feature not only unexcelled facilities for 
passenger enjoyment... but also the safety and economy 
of Crucible Rezistal® stainless steel. 


Because they're all stainless — their strength-weight 
ratio is higher than you'd find in low alloy carbon steel. 
The cars are lighter yet stronger than ordinary steel cars, 
which means the Santa Fe will be able to haul as many 
as 25 of these cars with the same drawbar pull they'd 


need for 20 low alloy carbon steel cars. 


What's more, the passive surface of Crucible stainless 


will never need painting ...never need more than a 
“once-over-lightly” by maintenance crews to keep its 
sparkling new look. And, beneath the skin, where 
corrosion and vibration can undermine the strength of 
vital structural members — the high corrosion resistance 
and fatigue strength of Crucible stainless will keep these 


cars in service for a lifetime. 


Budd would not have chosen stainless for all the cars 
they build unless it was a practi al shop metal, And it is. 
kor it can be formed, machined, welded, drawn, heat 
treated — processed in any way you'd normally use for 
ordinary steel. 


So don't forget the Crucible family of stainless steels 
where you need corrosion resistance... high fatigue, 
creep and structural strength ... resistance to wear and 


. workability. We'll be glad lo 


help you select the best stainle 


temperature extremes. . 
grade for your job. 
Let our Metallurgical Engineering Department make 


practical suggestions. 








|CRUCIBLE| first name in special purpose steels 





STAINLESS STEELS 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


REX HIGH SPEED * TOOL 


REZISTAL STAINLESS * MAX-EL * 


ALLOY * SPECIAL PURPOSE STEELS 


Canadian Distributor — Railway & Power Engineering Corp., Ltd 
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BAUSCH 6 LOMB 


SINCE 1853 





Bausch & Lomb Research 
Metallograph ... Metal industry's maximum use in- 


strument . . . helps you boost output and maintain quality by 
providing clear, detailed magnified images—visual or photo- 
graphic—for routine work and advanced research. 


You see samples better because exclusive Balcoted objectives 
bring out detail even in low contrast specimens. You're sure of 
complete identification because you have your choice of four 
different views of the same sample—by bright field, dark field, 
polarized light, or phase contrast; change-over is quick and 
simple. 

There may well be considerable savings of time and ma- 
terials for your company in these faster, easier, completely 


dependable analyses. Why not find out now? Write for Catalog 
E-240. 


WRITE or PHONE for complete information (specify 
catalog numbers) and for prompt, expert advi- 
sory service. No obligation, of course. Bausch & 


Lomb Optical Co., 63831 St. Paul St., Rochester 2, 
N. Y. Phone: LOcust 3000. 
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Kanigen Nickel Plating 





By GREGOIRE GUTZEIT* 


The chemistry and process, characteristics, and 
uses of a plate deposited by an electroless method. 


, 
= PLATING by chemical catalytic 


action differs from electroplating in that neither 
current nor electrodes are required for its appli- 
cation. Deposition takes place at a uniform rate 
wherever there is contact between the part and 
the solution; in other words, the “throwing 
power” of the bath is infinite and there is no 
substantial variation in plating thickness, even for 
the most complicated shapes. The coating is a 
low Tie kel phosphorus alloy of considerable 
hardness and higher corrosion resistance than 
electroplated nickel, and the as-plated deposit is 
nonporous even at less than 0.2 mil. thick 

The “Kanigen’t nickel plating process is based 
on the good pioneering work performed by Bren 
ner and Riddell of the electrochemical laboratory 
of the U.S. Bureau of Standards,’{ although the 
basic reaction was discovered by Wurtz in 1844? 
and a U.S. patent issued in 1916* disclosed qual 
itatively the use of solutions containing hypophos 
phite ions for nickel coating most base materials 

The hypophosphite anion in aqueous me dium 
is oxidized to the phosphite ion. Slowly at low 
temperature and rapidly at higher temperatures 
while hydrogen is evolved This oxidation takes 
place spontaneously homogeneous reaction) at 


pH values above 7.0. but. in acid medium, the 


presence of a catalyst belonging to group 5 of 
the periodic system Is required (catalytic hetero 
geneous reaction). The equation, according to 
Wurtz, Bach* and Brenner, is: 

Na(H.PO.)+- H.O> NaH (HPO,)-}-H (1) 

If the aqueous hypophosphite solution is rela 
tively concentrated and contains cations of heavy 
metals that can be reduced, such as nickel, cobalt 
copper, silver and gold, a spongy metallic pres ip 
itate forms when the solution is heated 

Moreover, if the cation in solution is that of a 
catalytic metal, and a catalytic solid surface is 
immersed in it, plating will take place on this 
surtace (provided the proper concentrations are 
chosen) and continue until the solution is 
depleted of hypophosphite ion or of its metallic 
According to Brenner and Riddell the 
gross equation Is 


NiCl.+-Na(H.PO;)-+-H.0%#*lyst | 
Ni? | 2HCL-+- NaH (HPO 


cation 


* Associate 
Department 
( hic igo 
t“Kanigen l i Prac Mark idopted by Ceneral 
portatt Clorn for its 


| 


Director, Research and 1h clopment 


General American 


Tran port ition 
( orp 


American Tran | chemical 
nickel plating 


T See reference 


1954, PAGE 115 





Actually, the chemical mechanism is consider 
ably more complex. Without going into details, it 
that the 


reaction is a catalytic dehydrogenation of hypo 


is our considered opinion primary 


phosphite (determined with the use of deuterium 


tagged reagents) as follows® 


2H 
(H.PO.) > PO, 
catalyst 


HO H(HPO,) (3 


hypophosphite metaphosphite orthophosphite 


ion On On 
Part of the atomic hydrogen thereby formed is 
possibly adsorbed on the catalytic surface as a 
layer reducing the nickel salt to 
metallic nickel: 


Ni''+-2H 
or NiSO,+2H 


( ondensed 


> Ni°+2H 
> Ni?+-H.SO, (4 


It is assumed that the metallic nickel imme 
diately reacts with hypophosphorous acid (at a 


much slower rate) to form phosphides **, as: 


6Ni” |} 2H(H.PO.)> Ni,P.-}-3HLO+-NiO = (5) 


4 (re 


spectively reaction 2) shows that the pli of the 


Bureau of Standards Method — Reaction 


bath will decrease as plating proceeds, With 
bath the 
efficiency of the hypophosphite is lowered with a 


increasing acidity of the reducing 


resulting slowing of the reaction. Finally, when 
the hydrogen ion concentration becomes high 
enough to start dissolving the metallic deposit 
plating will stop. Brenner and Riddell corrected 
this condition in part by adding a buffer to the 
plating bath. They state that the concentrations 
of nickel salt and of hypophosphite are not 
critical in acid baths, and that the effective pH 
range is fairly broad (4.0 to 6.5), but they estab 
lished an optimum concentration range for each 
of the buffers. 

Typical preferred acid baths according to the 
original Bureau of Standards laboratory method 
which give semibright, smooth plating have 
compositions as listed in Table 1. 

Presence of the buffers and proper dilution of 


the reactants allows the plating to proceed fora 


Bureau of Standards Acid Plating Baths 


reasonable time, although the rates are slow. The 
bath will eventually decompose, this occurring 
in two stages: first with the formation of a rough 
deposit, then in complete deterioration (deple- 
“black 


Moreover, the results as to plating quality are 


tion by formation of precipitate’ 
quite inconsistent. 

To summarize, the principal disadvantages of 
the Bureau of Standards method and its later 
commercial adaptations are: 

1. Lack of stability of the plating bath in con 
tinuous work 

2. Rough and dull plating after fair start. 
Slow plating rate. 


} 
$. Formation of a stratified (nonhomogeneous) 


deposit 

5. Relatively high cost 

The work carried on for over five vears by the 
research and development department of General 
American Transportation Corp. had as its main 
purpose the discovery of an industrial process 
for chemical nickel plating that would not have 
the drawbacks of the original Bureau of Stand- 
ards method. The thought originated in 1947, 
when our engineering department was studving 
the economics of electroplating a car tank with 
nickel for caustic soda service 

The laboratory research work was considered 
sufficiently advanced by late summer of 1952 and 
operation of a pilot plant was started in August 
at Fast Chicago, Ind. Atter a short experimental 
period, government agencies asked us to start 
commercial operation In late 1953 production 
plants were completed in Kast Chicago and Los 
Angeles. To our knowledge and documented 
belief, General American's shop was the first to 
apply electroless plating in industry. 

\fter a great deal of experimentation with the 
plating baths described in the Bureau of Stand 
ards publications’ and many possible variations 
that 


solution components and strict control of initial 


thereof, we discovered concentrations ot 
pH! were critical in the acid baths insofar as plat 
ing rate and quality were concerned. As disclosed 
in our U.S. Patent No. 2,658,841." 
there is an optimum range of 


ratios of nickel ions to hypo 





l 


Nickel chloride, NiC] 
Sodium hypophosphite 


oOHLO 0) 
Na( HPO Ho 10 
Ho 4) 
HO 


Sodium hydroxy-acetate, Nat 
Sodium citrate, NasC dO 
Rate of de position (in 


per hi 0.0006 





OOOO) 


phosphite ions at an optimum 
™ absolute hypophosphite concen 
TT tration. 

aD If the nickel to-hypophosphite 


10 ratio is below 0.25, the plate has 
0.0002 





a dull gray, nonmetallic appear 





pH for all three baths is 4 to 6, and temperature of plating is slightly 


below boiling pont 
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ance. If this ratio is above 0.6 the 


rate of deposition becomes very 





poor A high concentration of hypophosphite 1OnS 
results in instability, while a low anion concen 
tration again slows deposition. Other factors of 
lesser importance also influence the quality ot 
these deposits 


It should be pointed out that thr preterred 


conditions are always a function of the quality 


of the bath. Using sodium acetate as a buffer, an 


alkali hy pophosphit and nickel chloride. best 


results are obtained with baths to these limits 


Ratio ot rine kel to 
hypophospl ite 


LOTS 


0.25 to 0.60 mol 
Hypophosphit 0.15 to 0.35 mol 
livitial pH 
Na 
Ca 
guffer concentration 
Ratio of solution 
to catalvtic 


concentration 


16to 5.5 
5.0 
0.120 mol 
volume 


area 


the 
plating rate is too slow and will not meet. the 


Even under these optimum conditions 


rnin requirements of industry. It 
that the 


for « xample 


was dis 


covered addition of 


certain organi 


anions 


unsubstituted short-chain 


aliphatic dicarboxvlic acids!” will substantialls 
raise the speed ot deposition up to values of 1.5 


mils per hr.—an 


5 times over 
Riddell In 
bath stability in batch operation is 
The effect. of 


loosen the bond of the hydrogen atoms attached 


mecrease of 3 to 


those obtained by 


Brenner and 
addition 
enhanced these reagents is to 
directly to the phosphorus atom in the hypophos 
plrite molecule by complex formation 


As Call he 
phosphite 


seen from: equation 
thr 
oxidized to phosphite ion. While nickel hypo 
soluble 
as plating proceeds and the 


concentration in phosphite increases to the crit 


s. the hypo 


anion consumed by 


reaction. ts 


phosphite is very nickel phosphite 1s 


not. Accordingly 


ical threshold, a precipitate will form in the bath 


Brenner Ss This 


basic salts not only results 


in rough deposits, but the 


solid parti les (even those 


hig. 1 


of submi FOSCOPIC SIZE Continuous ¢ 


act 
as decomposition nuclei 
random 
of metallic 


which 


and precipitation 


nickel 


in turn 


occurs 

functions as Storage 
a catalyst. Several additives 130-150°F 
were developed by our lab 

that 
the 
of nickel phosphite without 
substantially 


oratories retard con 


siderably precipitation 


Mn pairing 


plating rate or quality 


parte rit pe nding 


Schematu 


ive 


When plating is performed as a batch opera 


tion, whether discontinuous o1 


seTHICOnUnUOUS 
the deposit cannot be homogeneous in the ver 
tical direction because composition of the bath 
is constantly 
nickel 
increased concentration of phosphite and hydro 
ions. As a matter of fact, the work of the 
National Bureau of Standards shown that 
this coating has a stratified structure. It has been 
discovered that continuous circulation, filtration 


and re veneration are required to kee » the bath 


changing through depletion ot 


and and through 


hy pophosphite 1OnS 


ven 


has 


composition substantially constant in production 
US. Patent 2.658.839 

Regeneration, or the continuous feeding of the 
necessary Chemicals to the bath in amounts equal 
to those consumed by the plating reaction, can 


be 


analysis of the variation of one single constituent 


automatically controlled by 


instrumental 


others being fed in fixed proportions On the 
other these 
saturated 
bath is 


| « al cle ( Onlpe ition 


hand, while it is desirable to add 


chemicals as solutions of virtually 


strength, this cannot be done when the 
at elevated temperature 
will then occur in zones of high concentration 
stated 
The plating bath is 
150° Fo ina 
hig. | 


where it flows into the plating tank through a 


The plating system, incorporating the 


conditions, is as follows 
stored at a maximum te mperature of 
reservoir of sufficient capacity (see from 
heat exchanger which raises its temperature to 
between 208 and 212° F. From the plating tank 
it goes through a cooler back 
150° F.. then regeneration v¢ 
where reagents are 
trolled 


bringing it to 


below mto a ssel 


added in automatically con 


amounts solution 


Phi 
bath 


so us to bring the 
comporne nts to their original Concentration 
binsally, the 


reserTvon 


licquion then runs into a filter 
is returned to the storage 


The cooling and heating are performed in an 


Diagram of hquipme nt for 
ulatiu N biltvation 


Vaintaining 


and Regeneration of Bath 


Heagent 

Moke-up 
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Plating 
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Tank o1er 
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original and most efficient manner (patent pend- 
ing). To decrease the temperature, the necessary 
amount of solvent (water) is flash-evaporated by 
vacuum. This results in) concentration of the 
solution. Heating is accomplished by injecting 
steam in such a manner that the dilution due to 
the condensate produced will balance exactly 
the loss caused by flash-cooling (Fig. 2) 

When operating as described above, plating 
bath composition stays constant and, therefore 
the deposit has a maximum of homogeneity and 
is bright, dense, and free from pores 

It was found that the continuous heating- 
cooling cycle is likely to cause thermal decompo 
sition. In other words, the plating solution 
after a certain number of cycles, becomes rel 
atively unstable. This led to the development of 
specific stabilizers, some of which, in addition 
METAL, 
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Fig. 2— Diagram of Complete System 
for Kanigen Electroless Nickel Plating 


to their principal function, favorably influence 
deposition rate and coating appearance. 
bath 
essentially nickel cations, hypophosphite anions, 
plating-rate “boosters”, 


To summarize, the Kanigen contains 
phosphite precipitation 
controllers, and stabilizers. The Kanigen process 
gives a stable, brilliantly clear bath of constant 
composition throughout the plating operation. 
The necessary chemical control methods em- 
ploy simple, photocolorimetric procedures that 
can be used by any laboratory technician. 
Composition and Properties—The principal 
properties of Kanigen plating may be summar- 
ized as follows: 
Chemical composition average 
92% nickel. 
Structure 
Hardness (as deposited) 


Rockwell C-49) 


7% phosphorus 


Probably amorphous 


Vickers 500 about 
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Fig. 3 — Comparison of Potential for Nickel Plate 
With Kanigen (Reference to Calomel Electrode 


Corrosion resistance At least equal to and gen 
erally better than wrought nickel 

Coefficient of expansion — 13 * 10° in. per in 
per ° C. or 7.22 10° in. per in. per ° F 
Electrical resistivity Approximately 60° micro 
ohms pel cm 

Adherence I xcellent Ol steel] and coppel alloys 
good on ferrous alloys, aluminum, and on thermo 
setting plastics 
as deposited Ne 
mum thickness of 0.2 mil 


Melting point — Between 2000 and 2190" F 


Porosity porosity for mini 


With the standard acid solutions, the coating 
averages 7% phosphorus. It is highly probable 
that the phosphorus is present as a solid solution 
in nickel, and that the deposit is amorphous (as 
shown by chemical tests and X-ray diffraction ) 

By heat treating at 750 to 930° F. for 1 hr. in 
a reducing or inert atmosphere, the hardness can 
be raised to from Vickers 500 or 600 to 900 
(Rockwell C-64). A heat treatment at about 
1110° F. for 1% hr. results in a hardness at room 
temperature of Vickers 700, but the ductility is 
increased, so that wear resistance is improved 

Heat treatment at about 1470° F. for 1 hr. will 


produce a room-temperature hardness equal o1 


below the original value, depending on the kind 
ol plating bath used. Thus, one kind of coating 
will have a hardness of Vickers 250 after 1 hr 
with good ductility permitting considerable 
bending without stress failure. The hot hard 
ness of Kanigen above 750° F. (that is, the hard 
ness at elevated temperature is low, and coated 
parts are unsuitable for applic ations above this 
temperature, particularly where abrasion is in 
volved. The hardness of the coating usually gives 


good abrasion resistance, particularly if properly 


lubricated. The “Taber” 


ard Kanigen coating 


index is 13.7 for a stand 


Corrosion resistance of Kanigen plate is at 
least equal to and generally better than that of 
pure nickel. This is due to the phosphorus con 
tent of the deposit See the curves plotted for 
time versus potential (Fig. 3), which reveal that 
Kanigen is more “noble” than nickel electroplate 


The amorphous character of these coatings 
(which do not show a crystalline structure in 
X-ray diffraction studies) also may account for 
their higher corrosion resistance. Some test re 


sults are reported here 


Samples of 20 sq.cm. were compared with 
pure nickel in a 75% caustic soda solution at 
240° F. After 21 davs, the weight loss was 0.5 ¢ 
for pure nickel and from 0.05 to 0.09 g. for 
Kanigen 

Corrosion rate in fluorophosphoric acid was 
QO.00156 in per year 

Samples plated with Kanigen showed no 
attack after immersion for 21 days in the tol 
lowing aerated liquids at about 120° | soul 
crude oil petroleum white oil, odork naphtha 
acetvlene bromice photogs iphric cle veloper and 
photographic fixing solution 


The salt spray resistance of this coating sub 
mitted to the standard test (A.S.T.M. Specifica 
tion BII7-49T) is very With a I-mil 
rolled) mild steel coupons 


44x 1'%2x6 in.), the average time to failure is 96 


good 
coating on cold 
to 120 hr., the minimum is 72 hr., while the max 
imum is over 2000 hi 
If a soft copper coating 0.3 mil thick is plated 
over the steel, buffed, and then Kanigen is de 
posited over it, the salt spray resistance is 
KANIGEN Time To Parone 
THICKNESS MiN Max 
0.1 mil 24 hr 18 hi 
0.2 92 113 
While salt spray tests are an ace epted standard 
procedure, generally prescribed in many govern 
ment and industrial spec ifications, the consensus 
denies any absolute value to the results estab 
lished by that method. Not only are the data thus 
obtained inconsistent, but often contradictory 
and can never be related to actual usage. Never 
theless, through lack of any better test, the brine 
fog cabinet is still a standard tool 
Our research work has established by circum 
stantial evidence that, in the case of thoroughly 
cleaned and Kanigen-plated mild steel, a close 
inhomeo 
metal and the salt spray 
overlaid plating These in 
metal 


relationship exists between surface 
geneity of the base 
resistance of the 
homogeneities on the base surface are 
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probably caused by local variations in Kani 


gen Composition ( possibly phosphorus content ) 


which, in the presence of a corrosive electrolyte 


such as brine, create galvanic action and induce 


porosity, For that very reason, a thin undercoat 


ing of copper on mild steel vives amazingly high 


resistance to salt spray. Of course, any accidental 
local impurity on the base metal surface, such 
as smudges, grease film and oxide layers, will 
impair adherence as well as salt spray resistance 

When ou pilot plant after a few short ex 
perimental runs, went mto production in late 
1952 excellent salt spray resistance was obtained. 
Then,.in the summer of 1953, the results were 
highly disappointing. Average time to failure for 
while the 
Minin was frequently less than 4 hr. The 


a |-mil coating was about 16> hr 


same condition prevailed in the new large plant 
through August September and October. Work 
was started in the laboratory to study the causes 
for this setback. After numerous failures, a pre 
treatment cycle was finally developed that gave 
very good salt spray resistance (average time to 


failure 98S to 120 hr. and a minimum time of 72 


hig. 4— Micrograph of Razor Blade Tip Plated 
With Kanigen Shows Uniformity of Coating. 250 


hr. for a l-mil coating) even under adverse con 
ditions. Finally, during 1953, salt spray results 
for coatings made without the new pretreatment 
again became excellent. The evidence strongly 
indicated that the plant water was the culprit, or 
more specifically, the seasonal variations in water 
pollutants. In order to make our operations inde- 
pendent of Lake Michigan as a supply, drilling 
of a deep well was started. Today, we can 
definitely state that the average salt spray resist 
ance of Kanigen is at least twice that of electro 
lytic nickel plate 

Another important characteristic of these coat 
ings is that whenever rust spots appear as a 
result of salt spray testing they do not spread 
upon continued exposure to the brine fog con 
trary to what is always observed with electrolvtic 
nickel coatings. This fact represents one of the 
biggest advantages of Kanigen, and actually 
makes A.S.T.M Specification B117-49T 


for the appraisal of electroplating 


written 
entirely un 
suitable and obsolete for chemical nickel de 
posits. Our work has constantly shown. that 
following the appearance of a few rust spots 
after about 200 hr. in the brine-fog cabinet, the 
plated steel] samples could remain without fur 
ther change in the brine spray for at least 700 
and up to 2000 hr. While 


specification, the appearance of 6 rust spots per 


according to the 


sq. ft. represents “failure” of the coating. this is 
actually not true for Kanigen. Electroplated de 
posits, on the other hand, will start disintegrating 
rapidly as soon as a small number of pores allows 
oxidation of the base metal. No common vard 
stick, therefore, should be used to compare the 
resistance of electrolytic nickel and electroless 
nickel to chemical attack. While the A.S.T.M 
salt spray test could be used, a change in the 
evaluation appears to be necessary for chemical 
platings. A more quantitative method is being 
devised and will be proposed for adoption by 
that group. 

The adhesion of Kanigen deposits to low- 
carbon steel, to copper alloys and to nickel can 
be termed excellent. No flaking occurs from a 
180° bend over a 2-in. diameter mandrel. Upon 
reverse bending to 180° some crushing and slight 
powdering occurs in the compression zone, par- 
ticularly when the deposits are thicker than 2 
mils, this being on account of the hardness of 
the coating. A direct bend to 180° over a 3-in. 
mandrel, followed by a 180° reverse bend, shows 
no flaking or cracking visible to the naked eve 
It has been proved that, as long as the basis metal 


is not permanently deformed. excellent protec 





tion is afforded by these coatings. The plating 
shows no failure in tensile tests prior to the 
point at which the basis metal exceeds its elastic 
limit and breaks. No peeling occurs at a distance 
greater than 1/16 in. from the break 

The adhesion of Kanigen deposits to alu 
minum, steel, and stainless steel allovs is good 
when specially developed pretreatment methods 
are applied. This is being constantly improved 
Adhesion to thermosetting plastics, ceramics and 
glass varies from good to fair depending on the 
type of base material. Adherence to these is 
mechanical rather than physico-chemical. 

Kanigen deposits when plated on a metal of 
reasonably good quality are nonporous at thick 
nesses of 0.2 mil and more. This has been proved 
by four experimental methods 

1. Results of standard production tests. which 
consist of immersing the plated parts in hot (180 
to 1S5° F. 


constantly been negative 


aerated water for 30 to 60 min... have 


2. A modified ferroxyl test produces no pores 
on plated samples for thicknesses above 0.1 mil 

3. Gaseous diffusion tests revealed total lack of 
porosity on a 0.25-mil coating of Kanigen 

1. A thin coating of aged (decaved) radioactive 
iron isotope, emitting only soft X-ravs which are 
eflectively shielded by nickel, was electroplated 
on mild steel disks Kanigen Was deposited over 
the iron isotope in thicknesses of 0.2. 0.4 and 0.6 
mil, and photosensitive plates were exposed to 
these. as well as to radioactive disks covered with 
thicknesses of nickel 


Radiographs for the latter showed a considerable 


identical electroplated 


number of black spots whereas those for the 
corresponding Kanigen-coated disks gave pic 


tures without a single blemish 


Physical Character of Coatings 


Phe uniformity of the thickness can be kept 


within less than 10; for example, for a specified 
thickness of O.OOL in., the extreme variations 
would be 0.0009 to 0.OOLL in. With care. even 
closer tolerances can be obtained (Fig. 4 
Although in continuous operation the coating 
can be deposited to any desired thickness. it is 
impractical to exceed 6 to 7 mils, particularly for 
Actually, full 


protection is afforded by 0.5 to 1 mil in a non 


a plant on a one-shift) schedule 


COTTOSIVG medium COTTOSIN CTIESS being here taken 
as related to Kanigen). In mildly corrosive sers 
ice, a thickness of 5 mils is generally sufficient to 
resist liquids or gases for which electroless nickel 
plating is considered suitable 


These coatings reproduc e the character of the 


underlying surface with a slight smoothing effect 
A highly polished part, after plating, will have 
a mirror-like appearance without additional 
buffing, while a rough casting will be just as 
rough when removed from the bath. The “color 
of the coating is a metallic light gray with a slight 
vellow tinge. A special additive produces a white 
color without increasing the optic al coefficient of 
reflection 

An after-treatment has been deve loped to 
blacken the Kanigen surface 


note that pure nickel does not respond to the 


It is interesting to 


Same proc css In a COTTOSIVG atmosphere ordin iry 
Kanigen will slowly tarnish (as does pure mic kel 
without losing any of its physical qualities. As a 
matter of fact, its chemical resistance appears to 


increase through “aging 
Principal Applications 


The infinite “throwing powel of this process 
and the attendant uniformity of deposit and its 
protective qualities make it ideally suitable for 
use on irregular or compli ated shapes of ferrous 
alloys, copper, brass, bronze, and aluminum 
which are difficult or impossible to plate by 
conventional methods. This use is particularly 
advantageous with items such as unusually large 
pieces or tanks; complex fabricated assemblies 
forgings and castings; parts having screw threads 
indentations, or holes which must be uniformly 
coated with a protective deposit and the in 
teriors of vessels, tubes and pipes. The coating 
offers possibilities as an economical alternate for 
nickel and some of the special alloys used in 
assemblies which must be corrosion resistant 
Since the Kanigen lining can be deposited over an 
MeEXpPensiwve basis sii h as mild steel or brass 

Plating of Kanigen on nickel (whether electro 
Ivtically deposited or otherwise), on nickel alloys 
and on itself is easy. Plating on sintered metal 
shapes gives excellent results, with no pee ling or 
bleeding occurring in storage or use 

The coating cannot be applied on lead, cad 
mium, zinc, tin and antimony, nor on surfaces 
that have been contaminated with them (as on 
cadmium plate and galvanize). This precludes 
chemical plating on parts soldered or brazed with 
tin or lead alloys. On the other hand, some alloys 
in which these metals are used in small propor 
tions, such as certain bronzes plate satisfactorily 

Adhesion on stainless steels molybdenum and 
other alloy steels is variable. Generally. a spec ial 
treatment is required to obtain best results. Good 
adherence is difficult o1 impossible to obtain on 
casting allovs of aluminum and ster ] whi h con 


JULY 1, 1954. PAGE 119 





tain a high percentage of silicon. Chemical plat- 
ing on zine die castings is best performed over a 
thin electroplate of copper. This will impart 
better adhesion and durability of the final plate. 
Direct chemical plating on magnesium is still in 
the development stage. 

In view of the uniformity and the lack of 
porosity of deposits, no allowance has to be made 
for depressions, and no large safety factor is 
required, If the specification calls for 3 mils 
deposit, a factor of plus 10% is sufficient. This 
allows large savings in nickel, and, consequently, 
in plating costs. The high uniformity of the plate 
gives the planning engineer greater freedom in 
designing parts for best application and most 
economical fabrication. The only precaution to 
be observed in design is to avoid pockets where 
the hydrogen evolved in the process could be 
trapped to prevent plating. 

The coatings can be soldered with ease, pro 
vided the temperature is sufficient for obtaining 
flow. Rosin-core solder provides excellent ad- 
hesion. For ordinary solder, the recommended 
flux is 40 parts of saturated solution of rosin in 
methyl alcohol and 1 part 85% phosphoric acid. 
Although Kanigen-plated pieces can be ar 
welded with an inert-gas-shielded pure nickel 
rod, there is generally enough phosphorus pick 
up to result in a brittle bond. It is therefore 
advisable to perform all welding before plating 

An interesting special application of the Kan 
igen process is to make aluminum solderable. A 
very thin coating about 0.00005 in. obtained by 
a quick dip is sufficient for this purpose. Alu- 
minum can also be tinned after it receives this 
pretreatment. Copper, gold, chromium and other 
metals can be plated over Kanigen coatings by 
using standard methods. 

Plating on Nonmetals 
Kanigen on 


In order to deposit 


materials such as thermosetting 


plastics, ceramics and glass, a particular pre- 


treatment is required (patent pending). The re- 
sulting bond is mostly mechanical (except in 
specially formulated plastics), and therefore 
relatively weaker than with metals. 

In view of the temperatures at which the bath 
is operated, plastic materials with a low soften- 
ing point are not suitable for plating. Even the 
heat resisting thermosetting materials such as the 
bakelites sometimes contain fillers which have 
high absorption for water, and, therefore, will 
show an “orange peel” effect on the surface of 
the coating. Mineral-filled phenolics generally 
take excellent plating, with good adhesion and 
no flaking even upon breaking the part. 
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Porcelain, stoneware, and similar ceramics can 
be coated with an adherent deposit, provided 
they are not glazed. Glass has to be frosted 
mechanically or chemically before plating. The 
resulting deposit is dull and not suitable for 
optical purposes unless it is polished. The adher- 
ence to glass is only fair. Most uses of the plate 
on nonmetals should be directed toward obtain- 
ing a seal or a solderable surface, a base for elec- 
troplating a more conductive coat, a moisture 
barrier, or a hard, abrasion resistant surface. 


Economic Considerations 


The cost of Kanigen processing for industrial 
purposes can be compared only rarely with that 
of electroplating. Many of the applications call- 
ing for General American’s electroless coating 
are simply out of the question with electroplat- 
ing. When substitution is possible, electroplat- 
ing is, at this time, somewhat cheaper; but, on 
the basis of the uniformity and nonporosity of 
Kanigen, substantial savings are possible by low- 
ering the safety factor to 10% and using the thin- 
nest coating that will still give full protection. 

In the decorative field, electroplating is gen- 
erally less expensive, unless the design of the 
part precludes the use of electrodes. Generally 
speaking, this electroless plating method is com- 
petitive with electroplating whenever the latter 
is applicable, although technical considerations 
(such as higher corrosion resistance, greater hard- 
ness, and others) might be in favor of the elec- 
troless coatings. In a number of instances, 
electroplating cannot be used at all, as for fabri 
cated equipment such as screw conveye! sections, 
or for intricate shapes such as valves complex 
housings, gears, and screw assemblies 

The electroless plating process developed by 
General American Transportation Corp. offers 
the processing, mechanical, and electronic indus- 
tries a standard material of construction with 
new surface properties — namely high corrosion 
resistance and superior hardness. Possible ap- 
plications for Kanigen are so numerous that they 
cannot be described within the frame of a 
magazine article. Any engineer blessed with 
imagination will find in his own field many pos- 
sibilities that would make items with this coating 
preferable to that currently being used. Of 
course, it is necessary to evaluate each applica- 
tion as a separate problem, and to weigh care- 
fully advantages against cost, preferably in a 


discussion with men who are 


with 
the technique and possibilities of electroless 


plating operation S$ 


familiar 





Here's a New, Easy Way to 


NEW 


ELECTROMET ferrovanadium now comes packed in 
bags. This makes it easy to charge to the furnace or 
add to the ladle. 


NO WEIGHING... 


Each bag holds exactly 25 lb. of contained vat 


Just count the bags. Weighing is not necessary 
EASY TO IDENTIFY 


Bags have wide blue bands for pos 
tion. Dirt is kept out and there is no char 
with other alloys 


LOWER HANDLING COSTS 

You can get pallet shipments at no extra 
Pallets are easy to handle by lift truck or crane 
they need not be returned 


HIGH-QUALITY ALLOYS 


E.ectromet ferrovanadium is uniform in analysis, 
closely graded, correctly sized, and physically clean 
There are four grades high-speed, special, open 
hearth, and foundry 


IMMEDIATE DELIVERY ... 
Write, wire, or phone for more information about 
how E.rctromet’s bagged vanadium can cut your costs 


Offices in principal steelmaking centers 


The term ‘Elect: 


Carbide and 


ELECTRO METALLURGICAL COMPANY 


n Corporati 


t 42nd Street (Je New York 17, N. Y 
Electro Metallurgical Company, Division 


: Lin 





Correspondence 


Aircraft Engine Valves, 1917 


SHEFFIELD, ENGLAND 
Phe March issue of Metal Progress (p. 109 
carries a brief note concerning some 's-tom ingots 
of stainless steel furnished Daniel Doncaster and 
Sons, January 1917, by Stavanger Electro-Staal 
verk \ S of Norway. Our old records have been 
searched and the first mention of Stavanger stain 
less steel is dated October 1917 when tests were 
made as follows 
207 1* 
69,000 
129.000 
2 in 17.0 
27.5 60.3 


Izod impact a 


2290 S.19 
95500 93.500 
114.000 114,000 
24.0 25.0 
63.6 


Klastic limit 
Max. stress 
Klongation MW 


Reduction of area 


*Air cooled trom 1560 temp red at 1290° | 
2071 and 2290 may be 


numbers or our own test numbers. S 19 repre 


either Stavanger cast 


sents a specification for aircraft poppet valves 
While we 
poppet valves in England, at that time we were 
making very few, and we 1917 steel 
(3-in. square billets) to Hughes Johnson's Stamp 
ing Co., Ltd 


it into poppet valves 


are now the second largest makers of 
sold this 


Langley, Birmingham, who forged 


While these records show an early production 


of medium-carbon chromium 


steel of cutlery 
they do not indicate that the 
stainless steel of about 124 Cr was made prior to 
the June 1920 date quoted by Monypenny. 


Basu. W. DONCASTER 


type low-carbon 


Chairman 
Daniel Doncaster & Sons, Ltd 


Australia’s Memorial to U.S.A. 


Surrey, ENGLAND 


Australia’s National Memorial to the United 
States of which Her Majesty Queen 
Elizabeth I unveiled in the federal capital Can 
berra on Feb. 16 


America 


is sheathed with aluminum 
Erected as a tribute to the people of the United 
METAL, 
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States by the people of Australia, it commemo 
rates the great contribution made by the Ameri 
can armed forces to vic tory in the Pacific. 

The memorial, to which the public subscribed 
$142,000 and the government 
donated $113,000, takes the form of an octagonal 
258 ft. high 


ed by an aluminum sphere on which stands an 


Commonwealth 


aluminum-covered shaft surmount 


American eagle, also wrought in aluminum 
The Shaft 


The framework of the shaft 


stairway to the top 


incorporating a 
uses some 8O tons of steel 
It is covered with Noral 28H alloy sheets, 3/16 
in. thick, 10 ft. high and the full width of the 








Photograph on P. 122 Shows Aluminum Sphere and Eagle Ready for 
Hoisting Into Position Atop Australia’s National Memorial to America 
Note mans head at base of photo. Directly alongside is the shaft 


in’) course of erection 


face. This alloy is 99% pure 
aluminum, half-hard, with 
an ultimate tensile strength 
in the region of 15,700 to 
19.000 psi. The sheets were 
rolled at Northern Alumi- 
num Co.'s works in Eng 
land to a high degree of 
Hatness to insure the me 
morials good appearance 
The sheets, which have a 
sand - blasted finish, are 
folded 3 in. from each edge 
to give them a tile appear 
stiffness 
and the edge fold at the 


top of each sheet and at 


ance and extra 


one side is given an ad 
ditional fold in the reverse 
direction — to provide a 
weather lap between the 
Each sheet is also 
stiffened transversely — by 
three folded channels of 


the same material 


sheets 





these 
are equally spaced on the 
back of the sheet and fixed 
by welding and by counter 
sunk %-in. aluminum bolts 
plain headed, ground flush 

The sheets are fixed to 
the shaft at the bottom 
edge only, where alumi 
num angle cleats are bolted 
being 


bolted to steel cleats on the 


onto them, these 
columns; the top of each sheet is bolted to the 
sheet above. and the side of each sheet is bolted 
to the Steel 


which are plated with cadmium) on the fixing 


sheet adjacent spring washers 


bolts provide a ‘-in space between mating sur 
faces of the sheets, to accommodate expansion 


or contraction. Aluminum bolts % in. in diam 


eter are used, with castellated nuts and cotte: 
pins for locking. Where aluminum cleats and 
bolts connect to the steelwork, they are insulated 
with polythene washers and ferrules to prevent 


galvanic corrosion The sheets were bolted to 


with aluminum paneling partly completed 


gether in sets of four at ground level and hoisted 
into position guided up the outside of the shaft 


by two vertical tensioned wires 
The Sphere and Eagle 


The top of the shaft is capped with folded 
and welded aluminum strip on which stand the 
sphere and eagle fabricated as a single unit 


Thev were panel beaten from alloy sheet of 
similar composition and strength to that used 
for the shaft, but manufactured by Australian 


Ltd. The sph re 


10 ft. high, has a 9-in. flat circumferential section 


Aluminum Co., Pty which is 
making it slightly higher than it is wide, thus 
giving the effect of being a perfect sphere when 
viewed from the ground. The 
outstretched, is 28 ft. high 


The sphere and eagle were constructed around 


eagle, its wings 


a short steel tower, that was later bolted to the 
top of the main shaft. This tower supports the 
eagle’s body and its wings, the latter by means 
of two 8-in. steel tubes, reduced to 3 in. at their 
extremities, which are fastened to the tower, The 
panel beaten sheets were welded together by 
‘Argonarce” process without flux, thus avoiding a 
possible source of corrosion. The sheet for the 


wings was plug-welded to aluminum diaphragms 


placed at 3-ft. centers and bolted to the support 


ing steel tubes. All attachments of aluminum to 


steel were made with %-in. aluminum bolts in 
sulated to prevent galvanic action. The whole 
surface of the emblem was ground smooth with 
a disk sander and given a matte appearance by 


sand-blasting before hoisting into position 
Design 


Architect for the 
Ure, principal architect of the Department of 
Works, Canberra sphere and eagle were de 
signed by Paul Beadle, Newcastle, N.S.W., who 


built from timber battens a full-size model which 


memorial was Richard M 


was used in fabricating the aluminum replica 
Consulting engineers Crooks and Michell, Syd 
ney, designed the structural steelwork and con 
crete foundations; and the contractors were Me 
Connell Building Co. Pty. Ltd. Sydney 

‘Tom. Bisior 


Vore corre spond nee on next page 
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Wartime Work on 
Bazooka Rockets 


New York Ciry 


Perhaps it is not too late to send a note to the 
“Department for Amplification of the Record” 
about a statement made in the October 1953 issue 
of Metal Progress, page $4, which refers to the 
wartime development of the bazooka rocket and 
credit. therefor. 

At the time General Eisenhower started his 
North African campaign his troops discovered 
that the bazooka rocket, then newly supplied by 
the Ordnance Department, was frequently more 
dangerous to the man firing it than to the enemy 
tank. The motor tube was made of low-grade 
low-carbon steel tubing. It was not heat treated 
and possessed an extremely low hoop strength. 
\ further point of weakness was the silver brazed 
joint between the fuse body and the war head 
containing the explosive. 

I was in the Rocket Division of the Ammuni 
tion Branch in the Pentagon at the time (and 
also a member of the rocket development group 
of the National Defense Research Committee ) 
and secured a research development contract for 
the A. F. Holden Co. to improve the bazooka 
rocket motor tube. My subsequent hydraulic tests 
at Yale University showed that seldom was the 
brazing more than 25% effective, due to poor fit 
and dirt in the joint, while the use of uncontrolled 
induction heating destroyed what few physical 
properties the tube itself had. As a result, most 
of the motor tubes blew up at about 6000 psi 
pressure. 

We produced results in six weeks; the cost was 
$9,000. The answer was the use of seamless 
S.A... 8630 or 8640 steels, salt bath copper braz 
ing, stabilizing at above the upper critical point 
and austempering. All the heat treatment was 
done in salt baths. Average bursting pressure was 
raised to 40,000 psi. (The Ordnance Department 
required only 19,000 to 20,000 psi pressure with 
heaviest propellant charges. ) 

Thus, | believe that the real credit for this de 
velopment in bazooka and rocket: manufacture 
rests not with any one of several furnace makers 
who furnished salt baths in wartime production 
but to the contractor, A. F. Holden Co.. and to 
the National Defense Research Committee. Indi 
viduals who are responsible for the simple under- 
lying ideas were Mr. Holden, the late T. A. At 
kinson of the Rocket Division, Charles Ham 
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mond, formerly of the Holden Co., and myself 
The coordinating engineer for the National De- 
fense Research Committee was Edmund Wagner. 
Georce N. Virr 
Editor 
American Exporter Industrial 


Arc Welding of Nodular Irons 


New York Ciry 


An article entitled “Metallurgical Impasse in 
Welding Nodular Irons” appears on p. 174 of the 
February 1954 issue of Metal Progress, as a di- 
gest of the American Welding Society paper, 
‘Welding Metallurgy of Nodular Cast Iron”, by 
Edward E. Hucke and Harry Udin. This digest 
is based entirely upon the preprinted paper 
which was published in the Welding Research 
Supplement for August 1953, and therefore does 
not include any of the highly significant discus- 
sion at the fall meeting of American Welding 
Society in Cleveland in October, 1953. 

\s a result one gets the impression that nodu 
lar irons are not weldable when, in fact, they 
have been successfully welded on a commercial 
scale for several years. The nickel-iron cored 
electrode regularly employed by industry was 
not investigated by Hucke and Udin. Moreover 
the abnormally high silicon contents of thei 
ductile iron would also encourage brittle welds 
with any type of electrode. 

From the previously mentioned discussion by 
T. E. Kihlgren and from the paper, “Joining of 
Ductile Iron by Several Are Welding Methods” 
by the same author and H. C. Waugh, presented 
at the spring meeting of American Welding So- 
ciety in Houston, Tex., in June of 1953, it is 
apparent that ductile iron is weldable using a 
variety of Actual joint-strengths 


closely approximate those of the base metal 


techniques. 


[See p. 150 for a summary of these studies. | 
The very title of the Hucke-Udin digest, 


implies that the 
welding of ductile iron constitutes a problem 


“Metallurgical Impasse”, ete., 


which is incapable of solution.* Since this is cer 
tainly not true, we hope that steps will be taken 
to set the record straight. 
C. L. Hoosier 
Development and Research Division 
International Nickel Co., Inc. 


*Kprrons Foornore—One definition of “impasse”, 
from Funk & Wagnalls’ New Desk Standard Di 


tionary is “Any serious . . . obstacle or problem”. 





The THIN DENSE WALLS 
of PSC RADIANT TUBES 


ace elticiency 


Bis tubes will help you get 
more production from your furnaces because 
(1) Their light-wall construction saves both 
furnace time and fuel. (2) Their uniform wall 
thickness and smooth interiors promote 
uniform flow of gas. (3) Their dense walls 
all but eliminate the problems of 
porosity, carbon build-up and consequent 
burning-out. And, being 33 to 50° 
lighter than cast tubes, PSC fabricated 





alloy tubes cut initial cost and are easier to 
handle. A feature of PSC radiant tubes 


are their return bends, which are fabricated 


Parabolic Tubes Now Made by p S C to give uniform wall thickness throughout. 


Tubes in any design 
to Your Order PSC now furnishes all types of 


: , or dimension. Write 
radiant tubes, including para- 


. , to your needs 
bolics. The tubes are precision-assembled in the most com- - is es 


plicated designs, in any desired wall thickness, and for any 
temperature requirements. Send for 


In addition to such furnace parts as internal and external HEAT TREATING 

4 , 
tubing, retorts and covers, PSC manufactures annealing (Om , Equipm’t 
and carburizing boxes, baskets, trays, fixtures, etc., for 


every heat-treating purpose, and in any size and design. 


THE PRESSED STEEL COMPANY 


of, WILKES-BARRE, PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
OFFICES IN PRINCIPAL CITIES 





ersonal Mention 





Edgar C. Bain 


Kpcarn ©. Bain past president of 
Society for Metals 


elected a member of 


the American 
was recently 
the National 
bringing to 
ASMembers 
field of metallurgy in the Academy. 
Albert M. Portevin @ 


enginect of 


Academy of Sciences 
four the 


who 


number of 


represent the 


consulting 


Paris, France, was one 
of three foreign associates elected at 
Other ASMem 
bers belonging to the Academy are 
Robert F. Mehl, head of the depart 
ment of metallurgy at Carnegie In 
stitute of and Zay Jef- 
fries, another @ past president, who 


has been 


the same meeting. 


Pechnology 


vice-chairman of — the 
Minerals and Metals Advisory Board 
of N.BR.C. since 195]. 

Dr. Bain is a graduate of Ohio 
State University (B. Sc., M. Se., and 
Se.) and Lehigh Uni 
versity (D. Eng.). He is vice-presi 
dent of research 
U. S. Steel Corp., 
1928 


( omplishments 


honorary D. 
and technology 
where he has 

Details of his ac 
there 
when he was with General Electric 
Clo Atlas Steel ¢ orp. 
( arbide and ( arbon Researe h Labo 


bee nh since 
and earlies 


and Union 
ratories, are given in a biographical 
Metal Progress tor 
1936. He holds 


awards for his achievements in engi 


appreciation nh 


December many 


neering and metallurgy, including 


the @ Gold Medal, Howe Medal, 
Award 


and Sauveur Achievement 
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Waldemar Naujoks 


WaLpemarn Navuyoxs @ has been 
elected vice president and general 
Globe 


which is the high 


manager of 
Svracuse¢ N.Y 
est post to be held at this subsidiary 
of Barium Steel Corp., New York 
Citv. Mr. Naujoks became associ 
with Globe 
vears as special projects engineer at 
the Ladish Co., Cudahy, Wis. The 
preceding 20 vears were with the 
Stee] 


Cleveland 


Forge, Ine 


ated Forge after five 


Improvement & Forge Co. 
where he was chief en 
gineer for 12 vears. His outstanding 
reputation in the forging industry 
Was recognized when he served us 
chief in’ the 
castings section of the Office of Price 
Stabilization from October 1952. to 
March 1953. Mr. Naujoks is the 
author of the “Forging Handbook” 


and ot 


section and 


’ ’ 
forgings 


“Fundamentals in’ Forging 
Practice.” He also furnished forging 
data for the @ Metals Handbook 
Kent's Engineering Handbook, and 
the Tool Engineers Handbook be 
is a graduate of the University of 
Wisconsin with 


degrees in engi 


neering and metallurgy, and is a 
registered professional engineer in 
the states of Wisconsin and Ohio. A 
Cleveland 


Naujoks IS also an 


past chairman of — the 


Chapter @, Mi 


active 


member of the American 


Society of Mechanical 
American Society ot Pool Engineers 
Asson 


Engine crs 


and American Ordnance 


Ralph £. VanDeventer 


Recently appointed chief) metal 
Alloy) Engineering and 
(Alloy 
of Champaign, Il 
heat 
corrosion resistant Castings, is Ratpu 


EK. VanDeventer &, widely known 


in the automotive field for 


lurgist of 
Casting Co Casting Co 
Division engi 


neers and producers ot and 


his asso 
ciation with Packard Motor Car Co 
1931. A graduate of 
Michigan B S 
in chemical engineering), h 
diately 


in Detroit since 
the University of 
Lrbitiie 
joined Packard as chemist 
successively becoming chief chemist 
car and marine engine metallurgist 
1945 — chief metalliun 
gist. During World War II he did 


important work on castings and forg 


and — since 


ings for the Rolls-Rovee  aircratt 
the early jet engines, and the 
Packard Navy diesels. Since the wat 


his responsibilities with Packard in 


engine 


cluded materials engineering, tech 


nical control of processing quality 
analysis and manufacturing research 

In the new position at hampaign 
Mr. VanDeventer will actively direct 
metallurgical operations and he will 
also assume executive duties on two 
large projects for the Navy's Bureau 
and the Ai 
Command Ii tha 
Arthur 


project director 


of Aeronautics 
\ir Materiel 
latter he will be assisted by 


Fownhill, 


who brings with him 25 vears of 


Force 


assistant 


experience on aircraft and automo 
bile components made by Thompson 
the last ten 


being as chief engineer and manager 


Products of Cleveland 


of the light metals division operating 


a large foundry for aluminum and 
magnesium components made by cic 
casting and in permanent molds 


Continued on p 128 
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When steel is produced in an electric arc furnace it is highly 
desirable to stir the molten metal, to assure uniform heat 
and avoid stratification of the various alloy constituents. 
Manual and mechanical methods have been used, but the 
most modern method is electrical—induction stirring. This 
is accomplished by sending low-frequency two-phase cur- 
rents through copper coils immediately under the furnace. 
The magnetic field thus produced stirs the melt most 
effectively. Stirring can be reversed, and the contents of the 
furnace made to flow toward either the slag door or the 
pouring lip 

Because of the heavy currents required, copper's high 
electrical conductivity makes it essential. Since the stirring 
coils are close to the furnace, they must be water cooled, 
disulled water being used in a closed system. Copper's high 
thermal conductivity is vital here. The basic copper for the 
stirrers made by Flliott Company, Ridgway, Pa. for Aros 
Electric, Inc., New York, is Revere rectangular tube, .945” 
x .750",.157" wall. Elliott and Revere technical personnel 
worked closely on the problem of specifications, arriving at 
joint agreements on tolerances and temper suitable for 
bending. These proved successful from the start, again 
showing the value of close collaboration between Revere 
and its customers .. . If you have a problem in connection 
with copper and its alloys, and aluminum alloys, consult 
Revere. See the nearest Sales Office. 





Personals 


(Continued from p. 126) 

The governmental projects include 
a study of “castings potentials to 
aircraft’ that is, the design and 
pilot plant production of structural 
castings of either steel or aluminum 
capable of serving where intricate 
assemblages of machined forgings o1 
sheet metal would conventionally be 
installed. Eventually a design man 
ual for aircraft castings will also be 
produced. I he staff includes about 
10 stress analysts, casting spe jalists 


metallurgists and draftsmen 


Robert A. Foley @ is now a sales 
man for Lindberg Engineering Co., 
Chicago. He was formerly district 
manager of the Chicago office for 
the Hevi Duty Electric Co. 


William J. Ervin, Sr. @, formerly 
branch manager of the Indianapolis 
mill branch warehouse of the Car 
penter Steel Co. of 


has been promoted to district man 


Reading, Pa., 
ager of the Indianapolis territory 
and the southwest. William J. Steph- 
ens @ has been advanced from 
assistant manager to branch man 
ager ol Carpenter's St. Louis mill 


brane hy warehouse 





with HORIZONTAL Cracking Chambers 
are unconditionally guaranteed 


«||| AMMONIA 
| DISSOCIATORS 





Our Bulletin Tells You — 


Cost-saving, better performance ap- 
plications for dissociated ammonia, 
10 advantages of dissociated 
ammonia over all other controlled 
atmospheres you have used. 


S&W ammonia dissociating process, with schematic 
flow diagram of installation we recommend for you. 
Specifications for standard S&W Dissociators with 
rated C.F.H. output from 75 to 2000. Larger capacities 


available on request. 


$&W unconditional 6-month guarantee that your 
Dissociator will produce rated output and will be free 
from defects in workmanship and parts. 


SARGEANT & WILBUR, INC. 
186 Weeden Street, Pawtucket, R. |. 


Electric and Fuel-Fired Furnaces ° 
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Get all facts about 
this efficient new- 
type equipment, 
Write today for your 
copy of Bulletin AD-1 





Atmosphere Generators © Gas Conditioning Equipment 





Raymond B. Kropp @, executive 
vice-president and treasurer — of 


Kropp Forge Co., was recently 
elec ted chairman ot the board and 
its chief executive officer, and as 
such will have complete control over 
the administration of manufacturing 
operations, inventories and S¢ hed 
ules, as well as the power to admin 
ister all matters relating to finance 
He will continue as treasurer of the 
company. Mr. Kropp is also presi 
dent of the C. D. Gammon Co 


Chicago. 


George R. Foster @ has been ap 
pointed manager of the stainless 
steel division, general sales depart 
United States Steel Supply 
Co., division of the U.S. Steel Corp 
He joined U.S. Steel in Pittsburgh 
in 1943, served in the Army in 
World War II, and transferred to 
the U.S. Steel Supply Co., Chicago 


in 1947 as a salesman 


ment 


where he 
remained until now. 


James B. Hatch @ is now in the 
metal chemicals department of the 
industrial chemicals division of the 
American Cyanamid Co., New York 
Mr. Hatch, who joined the company 
in April 1954 as a sales traines 
worked for Sylvania Electric Prod 
ucts, Inec., prior to joining Cyanamid. 
He is a graduate of the University of 
Illinois, receiving a B.S. degree ‘in 
general engineering in 1943 and a 
B.S. degree in metallurgical engi 


age O52 
neering in 1955. 


Wilcox @, formerly 
manager of the hand tool division of 
the New Britain Machine Co., New 
Britain 


vice president of the division 


M. G. Manker @, who formerly 
served as district sales manager in 
the Syracuse, N. Y., area, is now 
Philade Iphia district sales manager 
for Copperweld Steel Co., Warren 
Ohio 


George G. 


Conn., has been elected 


Edwin Y. Bready @, formerly di 
pure hases of Standard 
Pressed Steel Co., Jenkintown, Pa 

has been made division Manager of 
the Hallowell Pressed Steel Div. Mr. 
Bready lemple 
University in 1932 and joined Stand 
ard Pressed Steel the following year, 


progressing 


rector of 


graduated = from 


through various shop 
and toolroom jobs until 1941, when 
he was made purchasing agent. He 
was advanced to director of pur 


chases int 1949 





we've built a 


GIANT 


...to produce high vacuum in 
bigger chambers — at 


less cost—than ever before 


Say you're producing one of the modern 
metals that has wonderful properties but 
can't stand oxygen at high temperatures 
You want to push out into the atmos 
phere as much air or gas as possible at the 
lowest cost. You may need to exhaust 
down to 1/2000th of atmospheric pressure 
or as low as 1/75,000th of an atmosphere 
CVC supplies a series of nonmechant 
cal oil ejector pumps which can operate 
in this pressure range at rates well over 
10,000 cubic feet per minute, compressing 
air and gas to the point where mechanical 
pumping becomes highly etficitent—to 
pressures as high as 10 mm Hg where 
needed. And thes« unique pumps make 
possible a new order of operating econ 
omy for large high vacuum systems 
Whether your need ts for a single pump 
or a complete high vacuum furnace we 
will welcome an opportunity to talk with 
you. Write to Consolidated Vacuum 
Corporation, Rochester 4, N. Y \ 
" 


subsidiary of Consolidated ngin 


Corporation, Pasadena, Calif 





Consolidated Vacuum Corporation 


high vacuum research and engineering 


formerly 


iT 


Vacuum m Equipment Boge 
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chemical engineering, and was a 
Personals net 


lieutenant commander in the U.S. 
Navy during World War II. 
Hugh D. Luke @, formerly man 
ager of central production planning, David F. Snow @ has been ap- 
is now manager of manufacturing of pointed director of the copper divi- 
rotating equipment at the Reliance sion, Business and Defense Services 
Electric & Engineering Co., Cleve Administration, U.S. Department of 
land. Mr. Luke joined Reliance in Commerce, and will serve the Gov- 
June 1953, having been with ernment for a period of six months 
McKinsey & Co., management con without compensation. Mr. Snow is 
sultants, Boston, previously. He on loan to BDSA from his post as 
graduated from the University of district manager for the Bridgeport 
Cincinnati in 1934, with a degree in Brass Co., Bridgeport, Conn. 





ELECTRIC 
FURNACES 


Air Meutesinn Steels 


Scale-Free Heat Treating Essential to United 


At United Tool and Die Company of W. Hartford, 
Connecticut, punches, dies and other tools of high 
carbon, high chrome steels receive careful heat 
treatment the Sentry way. Sentry electric furnaces 
with reliable Sentry Diamond Block atmospheric 
control assure maximum hardness with positive 
protection against surface deterioration. 


Typical of parts treated 
Request catalog U-35 .. . Modern- 


ize with Sentry and eliminate costly 
tool spoilage on Air Hardening and 
High Speed Steels. Simple, econom- 


ical, reliable. 


scpinen ait ‘class of THE SENTRY COMPANY 
Models Y and YP 

Furnaces and The 

Sentry Diamond 

Block Method 


is this cam. Hardening 
variables must be held 
to the minimum in its 
production. 
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E. Raymond Engstrand @, a grad- 
uate of the Sheffield Scientific 
School at Yale University, has ac- 
cepted the position of chief metal- 
lurgist at Ferro Powdered Metals, 
Inc., Salem, Ind., a wholly-owned 
subsidiary of Ferro Corp. Mr. Eng- 
strand has served in the same posi- 
tion with the Yale and Towne Mfg. 
Co., American Sintered Alloys, Inc., 
Maguire Industries, and the Auto- 
Ordnance Corp., Bridgeport, Conn. 


Louis Calzi @ has been appointed 
to the development metallurgical 
staff by Superior Tube Co., Norris- 
town, Pa. Mr. Calzi was formerly 
employed by the Ajax Electric Co. 
in Philadelphia as a sales engineer. 


William Alfred LaLande, Jr. @ 
was elected vice-president and will 
continue as manager of research and 
development at Pennsylvania Salt 
Mfg. Co., Philadelphia. Dr. La- 
Lande, a graduate of the University 
of Pennsylvania, joined Pennsalt in 
1944, and has been directing the 
research and development program 
at Wyndmoor, Pa., since 1948. From 
1927 to 1937, he served as a member 
of the faculty of the University of 
Pennsylvania, and during the fol- 
lowing year did post-doctoral work 
in organic chemistry at the Swiss 
Federal Polytechnic Institute in 
Zurich. Immediately prior to be- 
coming associated with Pennsalt, Dr. 
LaLande was director of research 
and development for the Attapulgus 
Clay Co., Philadelphia. 


Alfred H. Pope @, formerly a 
member of the technical department 
at Pennsylvania Salt Mfg. Co., Phil- 
adelphia, has been named product 
supervisor in the chemical special- 
ties division of the company. Mr. 
Pope is an alumnus of Pratt Institute 
where he majored in chemical engi- 
neering. He joined Pennsalt in 1943 
as a member of its research and de- 
velopment staff. 


Thomas C. Ford @, formerly sales 
manager of Pittsburgh Metallurgical 
Co. Buffalo, N.Y., and Robert C. 
Ford @, formerly Detroit district 
sales manager for Rolled Alloys, 
Inc., have opened a warehouse in 
Birmingham, Ala., and will operate 
as Ford Tool and Carbide Co., a 
metal cutting specialty house. Both 
brothers have been connected with 
the steel and metal industry for 
manv vears. 





The Company faced with cold forming this thread 
rolled depressed head machine screw soid, “We just 
wouldn't attempt to make it from ony standard 
grode of 18-8!" 


} 
When this Company was asked fo produce a 
second lot of these sheet metal screws from a 


regulor 18-8, here was the reply: ‘Impossible 
—there’s too much punch breakage!’ 


What would you do 


if you had to 

mass produce 

these fasteners 

from 18-8 stainless 

... Without “losing your shirt”? 


Both jobs were produced economically from a totally NEW chrome-nickel stainless! 


Both companies successfully turned out these jobs with new Carpenter Stainless 
No. 10—the first chrome-nickel Stainless to permit economical, mass produc- 
tion of severely cold headed and upset fasteners and other parts. Carpenter 
No. 10 work-hardens far slower than any of the conventional 18-8 grades. 
That’s the secret of its success. That is why it is ideal for cold headed bolts, 
screws, and upset nuts made on automatic machines. In fact, it is suited for 
any job involving heading, extrusion, severe coining and swaging. And the 
corrosion resistance of No. 10 is slightly better than Types 302, 304 and 305. 


Upon request, we will be glad to give you more information about No. 10~ its 
corrosion resistance, cold workability, machinability . . . as well as its usefulness 
for parts that must remain non-magnetic after severe cold working. So drop us 
a line on your Company letterhead, now. ..or any time. THE CARPENTER 
STEEL COMPANY, 133 W. BERN ST., READING, PA 


Export Department The Carpenter Steel Co . Port Washington, NY CARSTEELCO 


— [arpenter 


Pioneering in Improved Tool, Alloy and Stainless Steels Through Continuing Research 


Percent Coid Reduction 
Comparison of various Stainless Steels showing 
increase of tensile strength with percentage of 
cold reduction 





[= Stalpless, Lined 10 | 


s the pr ut of pr duction 
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Personals 


Glen W. Wensch @ has been ap 
pointed by Vitro Corp. of America 
to be the metallurgical engineering 
representative of the corporation in 
the atomic power reactor project 
26 associated 
Dr. Wensch joined Vitro in 


February of this year after serving 


now under study by 


firms 


for two years as chief of the mate 


Commission at the Savannah River 
Operations Office in Georgia. He 
holds three degrees in metallurgical 
engineering from the University of 
Illinois, and was for two years staff 
metallurgist at the Los Alamos Sci 
Alamos 
N.M., and later was research metal 
lurgist for the Fansteel Metallurgical 
Corp. in North Chicago, III. 


entific Laboratory in Los 


Norman P, Norlie @ is now gen 
eral sales manager of the Wilbur B. 


rials branch of the Atomic Energy 


Driver Co., Newark, N.]. 











STANDARD 
ALLOY 


furnaces for AN- 
NORMALIZING, 
RELIEVING, and 
DRAW OPERATIONS. Pre- 
sents operating advantages in 
new industrial furnaces, and ex- 
isting heat treating installations. 


in industrial 
NEALING, 
STRESS 


Standard belt widths to fit drums, 


J | 
ft o By spy } 
“ATE 41 6A 


COMPANY, 


BELT CONVEYOR 


—offers new design possibilities 


and rail or roller supports. Rug- 
ged construction assures long life. 


DESIGN AND ENGINEERING DATA 


especially prepared for indus- 
trial furnace designers, engineers 
and purchasing personnel. 


Write for Form No, SA-1620 


INCORPORATED 


1679 COLLAMER ROAD, CLEVELAND, OHIO 


Ba egenntye ps 


ITTSBURGH 
lek “Bide. 


HOUSTON 
8. F. Coombs Co. 
10170 Katy Rd. 
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CHICAGO 
Elmer A. Terwelt 
4160 WN. Elston Ave. 
ney YORK CITY 
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254 W. Sist St. 
LONGMEADOW, MASS. 
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51 Converse St. 4 


MILWAUKEE 
Boden-Lindergren & Otto 
1414 N. 27th 


DETROIT 
Gehri & Forsyth 
16151 James Couzens Highway 


OS ANGELES 
ja A 


Products Co. 
2204 8. Atiantie Bivd. 





Earle C. Wood @, field engineer 
with Leeds & Northrup Co., Phila 
delphia, recently received the com 
pany’s 40th anniversary gold plaque. 
During his long service he has been 
closely identified with many of the 
instruments, automatic controls and 
furnaces which the firm produces. 
Mr. Wood joired Leeds & Northrup 
in 1914 as a shop apprentice. Eight 
vears later he was transferred to the 
planning department, and in 1924 
joined the sales department, where 
he specializes in the process-control 
problems of industry. 


John A. 


tional 


Bennett @, of the Na 
Bureau of Standards, has 
received the Department of Com- 
merce Silver Medal for Meritorious 
Service. The award was made for 
“very valuable contributions in the 
field of 


technology, with particular reference 


metallurgical science and 
to the mechanism of fatigue failures 
in metals, and for meritorious au 
thorship”. Mr. Bennett received his 
B.A. and M.S. from Cornell Univer 
sity in 1934 and 1935, respectively, 
and joined the staff of the National 
1936. At 
present he is chief of the mechanical 


Bureau of Standards in 
metallurgy section of the Bureau. In 
this capacity he has participated in, 
and supervised investigations into, 
the cause of metal failures in general 
and particularly in welded ship 
plates, in airplanes, and other trans 
portation equipment. He has pub 
lished papers on both the theoretical 
and experimental phases of his work 
Mr. Bennett has served as a member 
of the @ Publications Committee 
and is a past chairman of the Wash 


ington Chapter. 


R. G. Nordstrom @ has been 
named general manager of the Re 
flectal Corp., New York, a subsidiary 
of Borg-Warner Corp., Chicago. Pre 
viously with Borg-Warner’s Ingersoll 
Div., Mr. Nordstrom was 


assistant to the president and in 


Products 


charge of new product research 


Selden E. Doughty @, previously 
( hief 
pointed production manager of the 


metallurgist, has been ap 
Alloy Tube Div. of the Carpenter 
Steel Co. in Union, N.J. 

Edwin T. Jackman @ has joined 
staff of Vanadium-Alloys 
Latrobe, Pa., and will 

representative in the 


the sales 
Steel Co., 
serve as a 
Detroit area. 








HOW TO 











5 ~ eo 
20-35 FEET PER MINUTE of light-gauge alloy 
strip are descaled in this Virgo Descaling Salt 
bath ot 800° F. Photo courtesy of The Drever 
Company, Philadelphia, Pa. 


DESCALE 5% MILES OF STRIP PER DAY 


You can get clean bright surface in ONE 
operation with VIRGO’ DESCALING SALT 


Straight chrome and chrome nickel strip flow through 
this continuous descaling-annealing unit, at 25-55 feet 
per minute—about 5!5 miles per 24 hour day. 

Phe light gauge strip is descaled in one pass through 
a bath of molten Virgo Descaline Salt at 800° F., alte 
annealing. Lhe process yields a chemically clean, bright 
surface with no pitting, ¢ tching or metal loss 

Large or small, your plant can show real production 
Hooker Process using Virgo 
Virgo Molten Cleane 


process l S¢ the So processes on stainle ss and alloy steels: 


time savings with the 
Descaline Salt. or with the 
castings: forgings; labricated parts; material to be sal 
vaecd Both processes ar nomelectroly tie HOM tONME 
employ simple equipment... do not require close 
supervision are casily adapted to your production 


methods. For lull details, mail coupon or write us today. 


HOOKER 
CHEMICALS 


R NEW YORK, N. Y. 
LOS ANGELES, CALIF. 
TACOMA, WASH, 


CHICAGO, ILL. 


From the all of bhe Eath 
HOOKER ELECTROCHEMICAL COMPANY 


30 FORTY-SEVENTH ST., NIAGARA FALLS, N. Y. | 


For Fast, Safe, Low-Cost DESCALING 


VIRGO" DESCALING SALT Piewlucers and fabricators of 
stainless and alloy steels use Virgo Descaling Salt to 
quickly remove scale produced t hot rolling, forging 


extruding, casting, annealing 


VIRGO" MOLTEN CLEANER Crick ls 


md degraphitize 


positive desands 
casting removes grease, dint, chemi 
cal part, enamel, rubber lmosphenme corrosion and 


other Hn purities 


s « sper 


BOTH HOOKER PROCESSES vic licked by 15 year 


cence mm ult bath descaling and « 


caning. kngineering 
research and on site operating assistance are part olour 


we 


SEND FOR THESE BULLETINS 


They tell the whole story on 
Virgo Descaling Salt and Virgo 
Molten Cleaner what they are, 
how they work, their advantages, 
equipment involved and the 
Hooker services you enjoy as a 


user of the process 





Hooker Electrochemical Company 


30 FORTY-SEVENTH ST., NIAGARA FALLS, N. Y. 


Please send me Bulletins checked: Virgo Descaling Salt 


Virgo Molten Cleaner 


| NAME 
TITLE 
| COMPANY 
ADDRESS 


ciTYy — ZONE STATE 


ee 
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Personals 


Fred W. Beitner @ has been 
appointed manager of sales for the 
northeastern territory of Trent Tube 
Co., a subsidiary of Crucible Steel 
Co, of America, with headquarters 
in New York City. Mr. Beitner 
joined the sales department of Trent 
Tube in 1946, and at the time of his 
new appointment was sales manager 
for the company’s Pittsburgh 
Cleveland area. 


Fred C. Raab @, who began his 
career as a laboratory assistant in 
the Edison Chemical Works, Silver 
Lake, N.J., in 1904, retired the first 
of June as chief metallurgist at the 


Christy Park Works, National Tube 
Div. of United States Steel Corp., 
McKeesport, Pa. He remained with 
Edison Chemical Works until 1910, 
the last two years as chemist. In 
order to broaden his background, 
Mr. Raab held varied positions dur- 
ing the next few years, and in 1915 
was appointed chief metallurgist of 
the Brown-Lipe-Chapin Div. of Gen 
eral Motors Corp., Syracuse, N.Y., 
where he remained until 1933. From 
1933 to 1935 he was in charge of the 
metallurgical and inspection depart- 
ments at the Babcock & Wilcox Co., 
Beaver Falls, Pa., going from there 
to the United States Steel Co., where 
he was superintendent of service at 
the Ellwood City Works. He went 





PRODUCTION INCREASED 150% with 
DESPATCH FINISHING SYSTEM 


= 


7 
- 
a @ 


5-stoge washer 
cleaner, hot wate 
photizing, co 


phosphor ic acid rinse. 


includes alkali 
¢ rinse, ZINC = 
id water rinse, chrome 


orld’s Largest Manufacturer 
of Food Freezers Expands 


As part of a major expansion program Amana 
Refrigeration, Inc., Amana, Iowa, installed a 
DESPATCH 2-coat, 2-bake electrostatic paint 
finishing system with a capacity of 400 freezers 
and 200 room air conditioners on an 8-hour shift. 
The new streamlined system is credited with 
increasing Amana’s production by 150°), has 
greatly improved finish quality and has achieved 
substantial paint savings through more efficient 
paint application and paint reclamation processes. 

Ware travels on a 2700-foot continuous con- 
veyor through 5-stage washer, dry-off oven, prime 


to Gary, Ind., in 1940 in the same 
capacity, and in 1946 was trans- 
ferred to Christy Park for the job he 
held until his retirement. Mr. Raab 
does not intend to quit work alto- 
gether, however. He is now living 
in Royal Oak, Mich., where he plans 
to open a “trouble shooting” metal- 
lurgical laboratory. 


Charles C. Eeles @ has been trans- 
ferred from Toledo, Ohio, where he 
was district industrial and commer- 
cial sales manager for the Ohio Fuel 
Gas Co., to the general offices of 
the company in Columbus with a 
promotion to assistant manager of 
industrial and commercial sales. Mr. 
Eeles started work for Ohio Fuel in 
Warren, Ohio, in 1929, shortly after 
receiving a degree in mechanical 
engineering from Cornell University. 
Later that vear he was transferred 
to Toledo and has remained there 
since that time. He is chairman of 
the Industrial and Commercial Gas 
Section of the American Gas Asso- 
ciation and will serve on the faculty 
of the AGA’s commercial gas school 
this year. He has written many tech- 
nical papers on the use of gas in the 
industrial and commercial field. 


Jack E. Bolt @ has been appointed 
application engineer in the phenolics 
engineering unit, chemical materials 
department of the chemical division 
of General Electric Co., Pittsfield, 
Mass. Mr. Bolt is a graduate of 
Georgia Institute of Technology 
with a B.S. degree in mechanical 
engineering. He received his master’s 
degree in metallurgical engineering 
at the University of Alabama. Mr. 
Bolt went to the General Electric 
Co. from the U.S. Naval Reserve 
where he had been on active duty 
for three years. Prior to this he was 
a metallurgist and supervisor at the 
American Brake Shoe Co. He also 
served in the Navy during World 
War II. 


and finish staggered electrostatic spray booths, 
prime and finish touch up booths, prime and fin- 
ish multiple pass bake ovens and inspection area 
to three assembly lines. 


A COMPLETE SYSTEM OR A SINGLE UNIT 


Despatch Finishing Systems are designed and built 
better, faster and more economically. You can get a 
individual un 


Dept. P for d 


Paul W. Chase @ has completed 
work for the degree of bachelor of 
metallurgical engineering at the 
University of Minnesota and is em- 
ployed in the research division of the 
Quaker Oats Co., Akron, Ohio. 


Albert R. Potenski @ has been 
transferred from the Eclipse-Pioneer 

Minneapolis a aera . : 
1958.8 Div. of Bendix Aviation Corp. at 
Seana leterboro, N.J., to the Utica, N.Y., 
division, with a promotion to senior 


PIONEERS IN ENGINEERING HEAT APPLICATIONS FOR INDUSTRY metallurgist. 
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Good reading 
for metal men! 


174 pages of illustrations and listings 
of a variety of products...sizes... 
weights...tempers...shapes! 


\ Here’s a handy, desk-size book that gives 
' you just about everything you need 


cpoe*” 


to know about brass, copper and bronze 
and now... stainless steel, too! 


It’s jammed to the brim with easy-to- 
read data. It’s thumb-indexed to 

save you time. It has a how-to-order 
check list that’s designed to take 

the headaches out of ordering. 


And what’s more, it comes free 
to you from Chase—the nation’s 
headquarters for copper, brass 
and bronze. To get your copy, 
just clip and mail the coupon 
below. 


Chase brass & Copper Co. 
Waterbury 20, Conn. Dept. MP 754 


Gentlemen 


Please send me your Buyer Stock Book and Catalog, 


NAME 


POSITION 


BRASS & COPPER CO. 
WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION FIRM 
The Vution s Headquarters for Brass A Copper 
Alban, Chicago Denver’ Kansas City Mo. Newark Pittsburgh San francisce 
Atlanta Cincinnat Detron Los Angeles New Orieans Providence Seattle 
Bait more Cleveland Houston M \waukee New York Rochester’ Waterbury 
Beston Dallas Indianapolis Minneapolis Philadeiphia = St. Lows sales office only 


STREET 


city. STATE 
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BRIDGEPORT BRASS 
BRIDGEPORT BRASS 
EREIDPGEPORT 
BRIDPGEPOR 

BE Ht ED Gs EB 


BRIDGE 

BS BG BOD ds Be ro 
TERE DG PO 
HS EE a ED ds Le mu» <pd Fe 


RREIDGEPORT a ae 
BE Be eee es Brae ee eT FOBPFEAG & 


BS Bi 
HS Hi 
BS Bi 
BS Hi 
ES Hi 
BS Hi 
ES Ht 
EE Ht 
ES 
EE 
EE i 
BS i 
aS Hi 
BS Hi 
aS Ht 


The Adrian, Michigan, Plant of Bridgeport’s Aluminum 
Division—a fully-integrated mill of over 800,000 sq. ft. 


From a Background 
of 89 Years of Experience in Metals 


Comes Bridgeport Aluminum 


usion pre 
— ng from 1,650 t 8.500 
trusions in many alloys. 


BRIDGEPORT 
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Users of Aluminum Extrusions and Forg- 
ings now have a new and highly depend- 
able source of supply—the Aluminum Di 
vision of the Bridgeport Brass Company. 

Behind this new service in aluminum 
are eighty-nine years of pioneering expe- 
rience in metal production and research. 
Bridgeport’s reputation for quality and 
high standards is recognized throughout 
the metal industries. And its aluminum 
production facilities are among the nation’s 
finest. 

The services of Bridgeport’s nation-wide 
sales and engineering facilities are at your 


command. And the skills and knowledge 
of our research and technical services, 
gained through decades of metalworking 
experience, are yours to apply in the solu- 


tion of your aluminum problems. 


Call our local sales office nearest you 
for complete information and service on 
Bridgeport’s aluminum products. 


BRIDGEPORT BRASS COMPANY 
ALUMINUM DIVISION . Bridgeport 2, Conn. 
Sales Offices in Principal Cities 
Conveniently Located Warehouses 
Mills at Bridgeport, Conn., 
Indianapolis, Ind., and Adrian, Mich. 


CECECACECEECEEEEEE 


SOCCREACRELELECEAEEEERELESS 


Aluminum die forgings made to 
meet exacting demands. Contour 
hand forgings are also produced. 


This Quantometer for analyzing metal is typ- 
ical of the laboratory equipment which ossures 
you the finest quality extrusions and forgings. 


Write for your copy of this 
booklet describing Bridgeport’s 
Aluminum Division facilities. 


< ALUMI 


Ee 
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Personals 


C. L. T. Edwards @ has retired 
from Bethlehem Steel Co. after 
approximately 40 years of service, 
variously as openhearth melter, 
superintendent of blast furnaces at 
Bethlehem, the Lebanon-Cornwall 


Div., Coatesville furnaces and for 
WITH GRANODINE® the past 23 years specializing in 

FE re ] @ e xX T R A Pp oa Go T E ¢ T } eo Ny manganese sales. Mr. Edwards 
served with the Donald Nelson Mis- 

sion to China in 1945 and with the 
Industry Evaluation Board in 195]. 


Carl M. Loeb, Jr. @ has resigned 
as vice-president in charge of sales 
and research of Climax Molybdenum 
Co., New York City, but remains a 
member of the board of directors 
and chief technical adviser to the 
company. Mr. Loeb joined Climax 
in February 1932 as a _ research 
assistant in the Detroit laboratory. 
Late that year he became district 
sales manager in New York and 
served in that post until he was made 
vice-president in charge of sales 
development in 1937. In 1948 he 
was made a member of the board of 
directors. He graduated from Prince- 
ton University in 1926 and received 
his M.S. from M.I.T. in 1928. 


Thomas E. Eagan @, chief re- 
search metallurgist of the Cooper- 
Bessemer Corp., Mount Vernon, 
Ohio, and Grove City, Pa., has been 
awarded the Joseph S. Seaman Gold 
Medal by the American Foundry- 
men’s Society. The award was pre- 
sented to Mr. Eagan for his “out- 
standing work in the development 


Steel Drums made by United Steel Barrel Company of 
Philadelphia, Pennsylvania, are chemically cleaned and phos- 
phate coated in an integrated spray Granodizing process: 


@) ALKALI CLEANING removes oil, 


grease, fingerprints, hand-marks, other 
surtace soil, 


SULFURIC ACID PICKLING then 


removes mill scale; 


GRANODIZING converts the chemi- 
cally cleaned steel surface to a uniform 
phosphate coating. The ‘Granodine 

coating being non-metallic is an ideal 
bond into which the paint finish is 
keyed or anchored 

“DEOXYLYTE” final acidulated 
rinsing conditions the Granodized 
steel surface for optimum paint life 


UNITED DRUMS fab- 
ricated from Standard 
Gauge Steel are available 
in all sizes, with special 
linings for a variety of 
products, and decorated 
with any desired design. 


and dissemination of engineering 
data on the production and _utiliza- 
tion of alloy cast irons.” A graduate 
of Columbia University with an 
A.B. degree in 1923, Mr. Eagan 
received the B.Sc. degree in metal- 
lurgy from the Missouri School of 
Mines and Metallurgy in 1925, and 


e EXTRA PROTECTION for the finish—a lasting bond 


between paint and steel 


& EXTRA PROTECTION (or the steel container—an inert 


barrier against rust creepage 


& EXTRA PROTECTION for the contents—chemically 


clean interior surfaces 


eS EXTRA PROTECTION (for the customer—an assurance 


of cleanliness, durability, and fine appearance 


the metallurgical engineering degree 
in 1928. Before becoming associated 
with Cooper-Bessemer in 1934, he 
was affiliated with Simonds Saw and 
Steel Co., Crucible Steel Co., and 


Pioneering Research and Development Since 1914 the Midvale Co. A i ae national 
director of the American Foundry- 


n's Society, Mr. Eagan is also « 
AMERICAN CHEMICAL PAINT COMPANY ere He of the pe: tomate 
CHEMICAL CHEMICALS of Metallurgical Engineers, the 


General Offices: Ambler, Penna. American Society of Testing Mate- 


ESSES | PROCESSES rials, the Society of Automotive 
Detroit, Michigan Niles, California Windsor, Ontario Engineers, and British Iron and 


RE Steel Institute. 
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You can design light weight, longer life, and 
economy into your products by including 


N-A-X HIGH-TENSILE in your plans, 


It is 50°% stronger than mild steel. 

It is considerably more resistant to Corrosion 
It has greater paint adhesion with less under- 
coat corrosion 

It has hich faticue life with great toughness 
It has greater resistance to abrasion or wear 
It is readily and ( asily we Ided by any proc css 


It polishes to a high lustre at minimum cost 


And with all these physical advantages over 
mild carbon steel—it can be cold formed as 


readily into the most difficult shaped stamping 


Sound like something for you? Ask for full 
facts and think of N-A-X HIGH-TENSILE when 


you re-design 


GREAT LAKES STEEL CORPORATION 


N-A-X Alloy Division Ecorse, Detroit 29, Michigan 


ae 
' 


x 
at ion as 


PSUAES 


HIGH-TENSILE STEEL 
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ow! Automatic 
Set-Up OF Precision 
Bar Straightener! 


mm.’ 


2-ROLL ROTARY STRAIGHTENER 
SIZER & POLISHER 


oe 
os 


Input end of No. 3 
size 2-Roll Rotary 
showing automatic 
setup 


e Full automatic adjustment of straight roll 
e Full automatic adjustment of concave roll 


Full automatic adjustment of bending pressure and roll opening 
for bar sizes 


New style large numbered scales for roll angles plus new scale 
for bar size 


Precision straightens, sizes and polishes, and corrects out-of- 
roundness, from end to end, on any round ferrous or non-ferrous 
workpiece, solid or tubular 


Puts a super finish (10 micro-inch or better) on cold-drawn, 
turned and ground stock 


@ Removes mill scale from hot-rolled surfaces 
e Improves the physical properties of the workpiece 


e End-to-end feeding, with 2-direction operation, gives continuous 
uninterrupted sizing and polishing at high throughput speeds 


Write For Complete Catalog! 
THE MEDART COMPANY 7 20040500" 
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Personals 


Nelson C. George @, formerly 
assistant chief metallurgist at Gary 
(Ind.) Sheet and Tin Mill of United 
States Steel Corp., has been pro- 
moted to chief metallurgist. He suc- 
ceeds John A. Eckel @, who has 
been promoted to assistant to the 
general superintendent at U.S. 
Steel’s Fairless Works in Morrisville 
Pa. William W. Hintalla @, sheet 
division metallurgist, has been ap 
pointed to succeed Mr. George. Mr. 
George started with Gary Sheet and 
Tin Mill in 1936 as a laboratory 
technician after graduation from 
Purdue University with a B.S. degree 
in chemical engineering. He was pro- 
moted to assistant metallurgist in 
1937, and in 1938 he was named 
general supervisor in the tin division. 
In 1953 he was promoted to assistant 
chief metallurgist. Mr. Eckel has 
been associated continuously with 
the Gary Sheet and Tin Mill since 
his graduation from Carnegie Insti 
tute of Technology in 1935 with a 
B.S. degree in metallurgical engi 
neering. He started as a junior metal- 
lurgist in February 1936, advancing 
through various positions until his 
appointment in 1941 to the position 
of metallurgist in the sheet division. 
In 1949 he was promoted to chief 
metallurgist. Mr. Hintalla was grad- 
uated from the Montana School of 
Mines in 1937, and in the same yea 
joined the Gary Sheet and Tin Mill 
as a junior metallurgist. After sev- 
eral supervisory positions, he was 
made sheet division metallurgist. 


Attwell M. Adair @ (Ist Lt., U.S. 
A.F.) has received the degree of 
M.Sc. in metallurgy from Ohio State 
University and is now project engi- 
neer in the metallurgical branch, 
aeronautical research laboratory, 
Wright Air Development Center, 
Wright-Patterson Air Force Base. 


Frank Trexler @, formerly em- 
ployed in the research department of 
Lukens Steel Co., Coatesville, Pa., 
is now a sales engineer in the new 
Fosbond department of the Penn- 
sylvania Salt Mfg. Co., Philadelphia. 


Frank H. Holmes @ has retired 
from active duty as a colonel in the 
U.S. Air Force. Colonel Holmes has 
a total of more than 30 years’ service 
in the reserve, national guard, and 
regular army. 





Armour ammonia helps Singer build a 


machine that sews 83 stitches per second ! 





Case hardening the key parts was the problem. 


Here’s how Singer's Bridgeport engineers solved it! 


With Singer industrial sewing machines operating at 
speeds up to 5,000 stitches a minute on all kinds of 
materials, wear of certain parts is a major problem. The 
use of Armour ammonia in case hardening vital parts 
for high-speed machines by nitriding and carbonitrid- 
ing has enabled us to lengthen the wear-resistant quali- 
ties of these machines. 

“Better hardness, elimination of surface removal by 
cleaning, and the reduction of secondary operations 
have contributed to producing newer and better ma- 
chines, which are operated at higher speeds with re- 
duced wear. This has been made possible through the use 
of Armour ammonia in surface hardening processes.’ 


Chief Metallurgist, Bridgeport Works, 
The Singer Manufacturing Co. 


Extra benefits with Armour ammonia 


When you buy Armour ammonia, you get pure, dry, 
dependable ammonia, and you get it fast! Besides that, 
we send you the latest information on surface harden- 
ing (like the 8 free booklets offered at right). And, if 
you need assistance with one of these new processes, 
experienced men in our Technical Service department 
will help you install the equipment! 

Armour sponsors a fellowship at Massachusetts In- 
stitute of Technology for the study of modern metal 
treating. Information from this basic research is also 
available to you. 

So take advantage of Armour's special service. Order 
Armour Ammonia today! 


Save money on our tank 
truck delivery service! 


CLIP AND MAIL THIS TODAY! 


Please send me free copies of the booklets which 
| have checked 


] “Ammonia Cylinder Installations for Metal 
Treating” 


0 “Effective Use of Dissocioted Ammonia” 


0 “The Nitriding Process—Factors Influencing 
Ammonia Consumption” 


0 “A Survey of Industrial Carbonitriding Process” 
0 “The Constitution of Carbonitrided Cases” 


0 “Investigation into the Carbonitriding of Plain 
Carbon Steel” 


) “The Carbonitriding of Alloy Steels” 


) Tank truck service information 


Name 
Firm 
Address 


Zone State 


Armour and Company + 1355 West 31st Street 
Chicago 9, Illinois 
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“METAL POW 


mINUM POWDER 
BRASS wane . capMiuM POWDER 
BRONZE POWDER - FILTER POWDER 
COPPER POWDER 
IRON POWDER ° LEAD POWDER 
NICKEL POWDER + PHOSPHOR COPPER 
SILVER SOLDER POWDER + SOLDER POWDER 
SPECIAL ALLOY POWDER 


TITANIUM POWDE 
TIN POWDER : 





ANTIMONY, BISMUTH, mean. nse 
MANGANESE AND SILICO 


UM, MAGNESIUM 
N POWDERS 


icsention of the kind or type of Metal 
Powder you require, a single call to Metal 
Powder Headquarters brings an answer to 
your Powder Metallurgy problem and the 
powder to meet your individual requirements. 








This one-stop service and availability is yours 
by reason of MD’s long metal powder re- 
search and development dating back to 1916. 
Today, MD is the only metal powder manu- 
facturer making a complete line of metal 
powders. 


METALS DISINTEGRATING COMPANY, INC. 
Elizabeth B © New Jersey 


METAL POWDERS 
Plants: 


METAL PIGMENTS Elizabeth, N. J.; Manchester, N. H.; 
METAL ABRASIVES Berkeley, Colif.; Emeryville, Calif. 
Since 1916 


SUBSIDIARY OF AMERICAN-MARIETTA COMPANY 


WORLD'S LARGEST MANUFACTURER OF FINELY DIVIDED METALS 
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Personals 


Alvin J. Herzig @ has been elected 
vice-president in charge of research 
of Climax Molybdenum Co., New 
York. Mr. Herzig has been president 
of the Climax Molybdenum Co. of 
Mich., the research subsidiary of 
Climax in Detroit, since 1949, and 
for five years prior to that he served 
as vice-president in charge of the 
laboratory. He had been research 
associate in the department of en- 
gineering research at the University 
of Michigan when he joined the 
Climax laboratory in 1931. Mr. Her- 
zig is a member of the Subcommittee 
on Heat Resisting Materials of the 
National Advisory Committee for 
Aeronautics and the Materials Advis- 
ory Board of the National Research 
Council. 


Louis W. Horvath @, formerly 
sales manager of Flinn & Dreffein 
Engineering Co., Chicago, has been 
appointed vice-president. His duties 
will include the supervision of re- 
search and general furnace sales. 


E. A. Brophy @, Detroit district 
sales manager for the Braeburn 
Alloy Steel Corp., Braeburn, Pa., for 
the past 18 years, has been ap- 
pointed a_ vice-president of the 
corporation. Mr. Brophy, a member 
of the American Society for Metals 
for 25 years, has been with Braeburn 
for 29 years, serving first as metal- 
lurgist at the plant, and has been in 
the Detroit area for 25 years. 


Stanley W. Madsen @ has been 
appointed assistant vice-president of 
the Shieldalloy Corp., Div. of Metal- 
lurg, Inc., New York. 


Paul M. Offill, Sr. @, who recently 
retired as vice-president in charge 
of sales for the Amsler Morton 
Corp., Pittsburgh, after more than 
28 vears of active service, has been 
appointed general sales consultant 
for the Geo. P. Reintjes Co., Kansas 
City, Mo., with headquarters in 
Pittsburgh. 


Harry M. Heckathorn @, formerly 
executive vice-president of Mullins 
Mfg. Corp., Salem and Warren, 
Ohio, is now president of the 
company. 


Anson B. Albree @ is now em- 
ployed as sales metallurgist in the 
New England states for Rolled 
Alloys, Inc., Detroit. 

















| FROM ~22 Drcnaly Stelth book 
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AUTOMOTIVE HYORAUL/C 
WINDOW LIFT LIMES 











REFRIGERATOR 


REMARKS vo you have a 


tubing design that won't jell 
-- or a fabrication kink you 
can't untangle? Whatever your 
tubing headache, why not turn 
it over to our engineering 
experts. They offer you years 
of problem-solving experience, 
plus the added bonus of 
Bundyweld, the only tubing 
double-walled from a single 
strip (see below). 


WRITE today for catalog or ; 
for help in developing your SUPELAIUAPKET 


ubing ideas. 
oe PUSHCART FRAME 





BUNDY TUBING COMPANY 
DETROIT 14, MICHIGAN 




















WHY BUNDYWELD tS BETTER TUBING 


Bundyweld starts continuously rolled " and passed through Bundyweild, double 
as a single strip twice around later ‘ a furnace. Copper walled and brazed 
of copper-coated Cea" y into a tube of ‘ coating fuses with through 360° of wall 


" 
steel. Then it's . . . uniform thickness, = steel. Result rf contact 
leakproof Lightweight 
High thermal conductivity Machines easily 
High bursting point Takes plastic cooting 
® High endurance limit Tokes plating 


Extra-strong Bright and clean 
DOUBLE-WALLED FROM A SINGLE STRIP Gheck-reinvont No’ inside beod 
Ductile Uniform 1.D., 0.0. 
Bundy Tubing Distrib sand ® : Bridgeport, Conn: Korhume! Stee! & Aluminum Co. 117 E. Washington St. © Cambr 42, Mass. Austin-Hastings Co. inc, 226 Binney St. 
Cc 2, Tenn. Peirson- Deakins Co., oz3. 824 Chattanooga Bank Bidg. @ Citeng | 32, ti: Lopham-Hickey Co, 3333 W. 47th Ploce © Glizabeth, New Jersey: A.B. Murray Co, 
inc. Post Office Box 476 . Los Angeles 58, Calif: Tubesales, 5400 Alcoa Ave Philadelphic 3, Penns Rutan & Co. |717 Sansom St . San Francisco 10, Calif. Pacific 
Metals Co, itd, 3100 19th St. + Seattle 4, Wash. Eagle Metals Co. 4755 Fi oe Ave. South . Toronto 5, “Ontoria, Coneda: Alloy Metal Sales, Lid, 181 Fleet St, E. 
Bundyweld nickel and Monel tubing are sold by distributors of nickel end nickel alleys in principe! cities. 
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idea tor AUTOMATION 


with CAMBRIDGE 
Woven Wire Conveyor Belts 


CONTINUOUS BRAZING 


Metal products can be heat treated, quenched and cooled in one con- 
tinuous series of operations on Cambridge belts. All-metal belt is 
unharmed by temperature, quench oils or sharp-edged, heavy loads. 
If you’re still heat-treating by costly, time-wasting batch operations 
you'll find Cambridge Woven Wire Conveyor Belts help provide cost- 
cutting, automatic production by allowing you to process the work 
continuously. No batch operations, less manual handling for such 
processes as: annealing, tempering, brazing, sintering, soldering, as 
well as quenching, pickling, oiling, washing. 

OPEN MESH CONSTRUCTION of the belt provides 


he ude Pade ua ila hd 
free circulation of heat-treating atmospheres for 
uniform processing, free drainage of process | 
solutions. Of course, the all-metal construction 
means lowest maintenance cost. 


CAMBRIDGE BELTS are available in any metal or 
alloy. Thus, the belt recommended for you can { 
be fabricated from the specific material that will VAVAVA vy 


give longest belt life under your operating con- 

ditions. In addition, Cambridge belts can be 

woven to any length or width and in a wide variety of weaves and mesh 
sizes to meet your needs. 

FREE REFERENCE MANUAL gives full details on how Cambridge belts 

can boost output, cut costs by providing continuous, automatic produc- 

tion . . . automation! includes all specifications and details, also metal- 

lurgical tables. Write for your copy today! Or, for specific recommen- 

dations, call in your Cambridge Field Engineer. He's listed under 
“Belting-Mechanical” in your classified 'phone book. 





METAL }+-+-+ SPECIAL Department B 
CONVEYOR} -+—4 METAL 


Cambridge 7, Maryland 
BELTS {+ }~TFABRICATIONS 


+ 


OFFICES IN LEADING INDUSTRIAL AREAS 
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Personals 


Charles W. Keshler @, after being 
ordered to inactive duty by the U.S. 
Navy, is now employed as a service 
engineer in the Wichita, Kan., divi 
sion of the Boeing Airplane Co. 


Wilson A. Young @ has been pro 
moted by Joseph T. Ryerson & Son 
from manager of the alloy and stain 
less steel department ef the Pitts 
burgh plant to district sales manager 


of the company’s new plant in Char 
lotte, N.C. 


Albert H. Wilson @ is now repre- 
senting Rolled Alloys, Inc., Detroit, 
Mich., as district salesman in the 
Cleveland-Pittsburgh area. 


George E. Heizman, Jr. @, for- 
merly associated with Acme Alumi- 
num alloys, Inc., Dayton, Ohio, as 
chief metallurgist, is now a research 
project engineer with Butler Mfg. 
Co., Kansas City, Mo. 


Garnet G. Eller @, formerly 
metallurgist with Atlas Steels, Ltd., 
Welland, Ont., is now employed as 
laboratory supervisor for Automatic 


Electric, Ltd., Brockville, Ont. 


Mervin T. Rowley @ has resigned 
as assistant division chief of physical 
metallurgy at Battelle Memorial 
Institute and is now chief metallur 
gist at the Ohio Injector Co., Wads 
worth, Ohio. Mr. Rowley was em 
ployed by this company as assistant 
metallurgist prior to joining Battelle 


Joseph E. Carney @ was recently 
appointed chief metallurgical engi 
neer of Sun Oil Co., Philadelphia 
He joined the company in 1934 
was subsequently made chief inspec 
tor, metallurgical section, and in 
1951 became assistant chief metal 
lurgical engineer. 


Robert L. Hadley @ has been 
transferred from the Knolls research 
laboratory of General Electric Co., 
Schenectady, N.Y., where he was 
employed as research associate in 
the metallurgy department, to the 
major appliance division laboratory, 
Louisville, Ky., with a promotion to 
engineering manager in metallurgy, 
and ceramics. 


William R. Yankee @, formerly 
research associate at Columbia Uni 
versity, is now employed as a re 
search engineer at Metals & Con 
trols Corp., Attleboro, Mass. 





MIDVALE FORGINGS...shape up for tougher service 


As the giant press forges the 500,000 pound ingot, care- 
ful experienced hands guide every stroke . . 


. Size and 
shape it to the required dimensions. Careful working 
and heating will finally shape this forging to an overall 
length of 46’-414” with an outside diameter of 6142”. 

Midvale forging quality is the result of absolute 
control from start to finish. From the time the scrap 
and pig iron are charged into the open hearth or elec- 
tric furnaces “quality tests” and skilled hands take 
over. Ingots are forged on presses ranging from 1,500 
tons to 14,000 tons capacity. Heat treating cycles based 
on Midvale’s long experience are thoroughly followed 


to produce the maximum in mechanical properties. 
Final machining is done on equipment capable of 
handling rough or finish machining on practically any 
size product. 

This is the reason Midvale forgings—whether 300 o1 
300,000 pounds are noted for their toughness, long 
service and never failing performance. The men of 
Midvale working with the right equipment and facili- 
ties offer a source of forgings, steel mill rolls and rings 
unsurpassed in quality and extra performance. Let 
their services, long experience and willingness help 
solve your forging problems. 


THE MIDVALE COMPANY- Nicetown, Philadelphia 40, Pa. 


Offices: New York, Chicago, Pittsburgh, Washington, Cleveland, San Francisco 


MAL ALITA 


FORGINGS, ROLLS, RINGS, CORROSION AND HEAT RESISTING CASTINGS 
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ON A PRODUCTION BASIS TO GIVE YOU: 


1. Bright, smooth surfaces to close tolerances... 

2. Uniform straightness of bars 

3. Greatly improved machinability 

4. Minimized warpage or distortion 

5. Fewer additional machining or grinding operations 


WYCKOFF coup rinisuen steet bars 


CARBON... ALLOY... LEADED 


Enjoy these and other cost 
saving advantages by stand- 
ardizing on Wyckoff Bars— 
our metallurgical staff will be 
glad to cooperate with you 
in selecting the best grade of 
steel for your particular re- 


quirements. 


WYCKOFF STEEL COMPANY 


General Offices: Gateway Center . Pittsburgh 30, Pa. 


Branch Offices in Principal C:ties 
Works: Ambridge, Pa. * Chicago, ill. * Newark, N.J. * Putnam, Conn. 
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Kanigen Nickel Plating 
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(See article starting on p. 113) 
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THE IDEAL METHOD: 
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metal casting, sintering or hot pressing carbides, 
brazing ... these self-tuning, low cost converter- 
operated furnaces are virtually standard 
equipment. 


Ajax-Northrup converters are 
certified to meet F.C.C. regu- 
lations. Furnaces are available 
in sizes from 2 ozs. to 120 Ibs. 
(For large production—Ajax- 
DS lolatilae] MMe l-ul ieehiolade) ol-iaehi-te| 
furnaces.) 


Write for Bulletin 14. 
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a special message for 
manufacturers of aviation equipment 


need a finish for 


light metal parts? IRIDITE 


Here’s the finish that combines corrosion resistance and 
paint adherence with extreme ease of application. It can 
be welded or soldered with no difficulty and presents no 
problem in “patching” scratches, marks or scraped 
sections. Here’s what you can do with Iridite: 


ON ZINC AND CADMIUM you can get highly corrosion re- 
sistant finishes to meet any military or civilian specifi- 
cations and ranging in appearance from olive drab 
through sparkling bright and dyed colors. 

ON Copper ... [ridite brightens copper, keeps it tarnish- 
free; also lets you drastically cut the cost of copper- 
chrome plating by reducing the need for buffing. 

ON ALUMINUM Iridite gives you a choice of natural alumi- 
num, a golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. 
Process in bulk. 

ON MAGNESIUM Iridite provides a highly protective film 
in deepening shades of brown. No boiling, elaborate 
cleaning or long immersions. 


AND IRIDITE 1S EASY TO APPLY. Goes on at room tempera- 
ture by dip, brush or spray. No electrolysis. No special 
equipment. No exhausts. No specially trained opera- 
tors. Single dip for basic coatings. Double dip for dye 
colors. The protective Iridite coating is not a superim- 
posed film, cannot flake, chip or peel. 

WANT TO KNOW MORE? We'll gladly treat samples or send you 


complete data. Write direct or call in your Iridite Field Engineer. 
He's listed under"Piating Supplies" in your classified phone book. 
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Manufacture of 
Large Forgings’ 


N His concluding remarks, the 
I author states: “This paper has 
attempted to paint a picture of all 
operations involved in making large 
forgings”. To anyone acquainted 
with this subject, this is clearly a 
formidable task, but the author has 
succeeded admirably and, in doing 
so, has held the reader’s interest 
from start to finish. 

The two chief examples selected 
to illustrate the subject are a very 
large press column and a large shaft 
forging for hydro-electric power 
generation. This choice seems very 
appropriate because of the compli- 
cations of precautionary heat treat- 
ments which are necessary for large 
masses of alloy steel, as for the for- 
mer, and the complications of a 
sequence of forging operations which 
are needed for components such 
as the latter. 

The press column, which must be 
one of the world’s largest alloy steel 
forgings, required the casting of a 
mammoth ingot. The description of 
this operation, together with that of 
the subsequent forging and heat 
treatment of the column, is lucidly 
given in a manner that will appeal 
to all forgemasters with experience 
in the manufacture of large pieces. 
Also, they will be able to appreciate 
fully the formidable task of synchro- 
nizing four separate furnace heats 
required for the manufacture of an 
ingot weighing 672,000 lb., and the 
subsequent forging and heat treat- 
ment of a column 47 in. diameter 
and 71 ft. long. 

From the point of view of the 
metallurgist, perhaps the most fasci- 
nating part of Mr. Schaefer's paper 
is the description of the precaution- 
ary heat treatments carried out sub- 
sequent to No. 3 forging operation 
and again after the final forging 
operation, No. 6. The latter, espe- 
cially, is obviously the result of much 
thought and experience, but will 
certainly cause some lively discus- 
sions (as indicated by Mr. Schaefer 
in his reference to the results of two 
or three manufacturers’ meetings). 

(Continued on p. 150) 

*Digest of “Manufacture and 
Properties of Large Forgings’, by 
A. O. Schaefer, a paper presented at 
the Philadelphia Regional Technical 


Meeting of the American Iron and 
Steel Institute, Dec. 3, 1953. 





How Heat-Treatment 
Affects Alloy Steels 


This is the fourth of a series of advertisements dealing with basic facts about alloy steels. Though 
much of the information is elementary, we believe it will be of interest to many in this field, includ- 


ing men of broad experience who may find it useful to review fundamentals from time to time 


There are in general five different forms of heat-treatment 
used with hot-rolled alloy steel. These treatments modify 
the mechanical properties of the steel to suit the end use. 
Basically, heat-treating may be defined as an operation or 
series of operations involving the heating and cooling of 
steel in the solid state to develop the required properties 

The five forms of treatment mentioned above, as applied 
to constructional alloy steels, are discussed in the fol- 
lowing paragraphs: 


(1) QUENCHING AND TEMPERING usually consists of 
three successive operations: (a) heating the steel above 
the critical range, so that it approaches a uniform solid 
solution; (b) hardening the steel by quenching it in oil 
or water; and (c) tempering the steel by reheating it toa 
point below the critical range in order to effect the 
proper combination of strength and ductility. 


(2) NORMALIZING is a form of treatment in which the 
steel is heated to a predetermined temperature above the 
critical range, after which it is cooled slowly to below 
that range in still air. The purpose of normalizing is to 
promote uniformity of structure and to alter mechanical 
properties. 

(3) ANNEALING consists of heating the steel to a point 
at or near the critical range, then cooling at a predeter- 
mined rate. Annealing is used to develop softness in steel, 
to improve machinability, to reduce stresses, to improve 
or restore ductility, and to modify other properties. 


BETHLEHEM 


. 


(4) SPHEROIDIZE-ANNEALING is the prolonged heat- 
ing of steel at an appropriate temperature, followed by 
slow cooling to produce a globular condition of the 
carbide. This treatment produces a structure which may 
be desirable for machining, cold-forming or cold- 
drawing, or for the effect it will have on subsequent 
heat-treatment. 


(5) STRESS-RELIEVING is the process of reducing in- 
ternal stresses by heating the steel to a temperature below 
the critical range and holding for a time interval sufficient 
to equalize the temperature throughout the piece. The 
object of this treatment is to restore the elastic properties 
of the steel, or to reduce stresses that may have been 
induced by machining, cold-working, or welding 

Bethlehem metallurgists have had long experience in 
all methods of heat-treating. They understand the possi- 
bilities and limitations of each method with respect to 
various alloy steels. These men will be glad to give 
advice or help you with any problems concerning heat 
treatment. Always feel free to ask for their services 

And call on Bethlehem, too, for the full range of AISI 
standard alloy steels, as well as special-analysis steels 
and all carbon grades. We can meet your needs promptly 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coost 
Stee! Corporation. Export Distributor: Bethlehem Stee! Export Corporation 


STEELS 
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How about 


FURNACE ROLLERS 
HEAT TREATING TRAYS 
FURNACE SHAFTS 
ANNEALING BELTS 
RETORTS 

TUBING 


Which are 
Heat Resistant 





Corrosion Resistant 





Abrasion Resistant 





When ready to order, how about checking with us here at 
DURALOY? For more than thirty years we have 
specialized in high-alloy castings. In fact, we were 

among the first to produce static castings and the first 

to produce centrifugal castings. We are old hands at 
producing castings alloyed to fit each specific requirement 
and to finish them to any extent desired. 


Melt, castings and finishing are carefully controlled and 
quality tested by our staff of metallurgists, chemists, 
X-ray and gamma-ray technicians. If you would like more 
preliminary information, send for Bulletin No. 3150-G. 


rat UUTALU | COMPANY 
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Large Forgings . . . 


(Continued from p. 148) 

He rightly states, “the subjects of 
heat treatment, inspection and test- 
ing and other phases of the subject 
all merit separate discussions”, but 
he is to be congratulated upon hav- 
ing dealt with so much in a com- 
paratively small space. 

The paper also includes some in- 
teresting statistics relating the total 
tonnage of forgings with total manu- 
facture of steel for all purposes. Al- 
though the annual tonnage of open 
die forgings is comparatively small, 
their value and importance are great. 
Furthermore, it is not alw ays remem- 
bered that an immense amount of 
investigation and experience has pre- 
ceded the ability to make the kind 
of heavy forgings that — to quote Mr. 
Schaefer — justify “the confidence we 
feel in our product and the reason 
for that confidence”. 


H. H. Burton 


Techniques Refined 
for Arc Welding 
Nodular Irons” 


RC WELDING as a method of 
fabrication, repair and salvage 
of nodular (or ductile) iron cast- 
ings is commercially practicable, 
providing a few basic precautions 
are observed. Considerable experi- 
ence has been gained with coated 
austenitic nickel-iron electrodes — in 
particular “Ni-Rod 55”, a 60-40 Ni- 
Fe core wire, coated with a carboni- 
ferous limespar flux. Other available 
electrodes differ primarily in the 
coating. 

In general, the higher the Mn 
and Ni contents of the cast material 
(and hence the weld hardenability ) , 
the less latitude there is in welding 
and the greater the need for pre- 
heat. Increase in weld hardenability 

(Continued on p. 152) 

*Digest of “Joining of Ductile Iron 
by Several Arc Welding Methods”, 
by T. E. Kihlgren and H. C. Waugh, 
in Welding Journal, October 1953, p. 
947; also from a discussion by T. E. 
Kihlgren of a paper, “Welding Metal- 
lurgy of Nodular Cast Iron”, by E. E. 
Hucke and H. Udin, presented at the 
annual fall meeting of the American 
Welding Society in Cleveland, Oct. 
19-23, 1953. (See p. 108 in this issue 
for further comment on the subject.) 





The Schaible Story: 





Vital Grinder Parts 
Hard Cased in Park-Kase 5-C 


Maximum Hardness at LESS COST 
for Schaible Cutter Disc 
and Clip Ring! 


At the Schaible Company the grinding elements used in the 
production of the Schaible Food-Waste Disposer are pre- 
cision hard cased with water soluble Park-Kase 5-C. Result: 
a higher hardness which means longer life and greater 
efficiency for these fast-action grinding teeth .. . in less time 
and at less cost. Here’s why: 

The rapid and uniform case depth of Park-Kase 5-C 
liquid carburizer means fast, reproducible cases which can 
be held to close limits for accurate, dependable work at 
temperatures up to 1700°F. Park-Kase 5-C produces 
eutectoid carbon cases which contain enough nitrogen to 
be file hard after oil quenching. High penetration rates and 
ease of cleaning are combined for ideal carburizing condi- 
tions. Inexpensive, simple, and trouble-free . . . Park-Kase 
5-C lowers production costs. 


@ Lightness of Original Charge and Reduction of Salt Drag- 
out Keeps Costs Down. 


@ Does Not Foam While Operating. 

@ Water Solubility Means Time Saved on Oil Quenched 
Work. 

@ Needs No Special Complicated Mixing Procedures. 


Complete details of the Park-Kase 5-C Carburizing process 
covering all phases of its operations are described in a 
technical bulletin available by mailing the attached coupon. 


- 


* Liquid and Solid Carburizers * Cyanide, Nevtral, 
and High Speed Steel Salts « Coke * Lead Pot Carbon 
* Charcoal * No Carb * Carbon Preventer * Quenching 
and Tempering Oils * Drawing Salts * Metal Cleaners 

* Kold-Grip Polishing Wheel Cement 


The new grinding principle of the Schaible Food- 
Waste Disposer is shown here. Particle discharge 
size is positively controlled by reduction grating 
through horizontal milling action, impingement 
cutting and clipping. The snag-toothed cutter and 
the clip ring used in this process require hardness 
and toughness. Park-Kase 5-C gives these tools 
the necessary hard case for years of efficient, de- 
pendable service. 


PARK CHEMICAL CO. 


8074 Military Avenve © Detroit 4, Michigan 
Send Free Bulletin Describing Park-Kase 5-C 


Name__ . . __. Position __ 


Company —___ 


ieee 


Address 
Fifth in a series of advertisements 


describing Park processes on the job 
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Welding Nodular Iron 


(Continued from p. 150) 


is reflected in greater machining 
difficulties in the heat-aflected zone. 

Phosphorus also must be con 
trolled to avoid weld cracking, 0.10% 
being a maximum in welding plates 
with Ni-Fe electrodes or filler wire, 
and 0.05% maximum advisable where 
mild steeleelectrodes are involved. 
A nomindg cast plate composition, 
giving a good combination of me- 
chanical properties and weldability 
is: 3.50% C, 2.40% Si, 0.25% Mn 
0.70% Ni, 0.05% P max., 0.06% Mg. 


Kor maximum welding response, 
ductile should be 


(FHT) 


normally a 


Iron =castings 
the 
comprising 
l-hr. heat at 1650° F 


to 1275° F., holding for 5 hr. and 


welded in annealed 
condition, 


- slow cooling 


PLATE CONDITION PostTWELD* 


AW 
FHT 
FT 
AW 
FHT 
FT 
1650° F. 
air cool. FT: 1275° F. for 


As cast 
As cast 
As cast 
Annealed (FHT) 
Annealed (FHT) 
Annealed (FHT) 


*AW: as welded. FHT: 


for 5 hr., 


finally air cooling. This treatment 
assures the greatest freedom from 
fusion line cracks and best machin 
ing qualities in as-welded joints 
Average tensile data on joints in 
% to l-in. thick ductile iron made 
Yiewp At 
0.2% OFrrset 
56,900 
15,900 
417,700 
14,500 
42.500 
44,700 


ELONG 
IN 2 IN 


TENSILE 
STRENGTH 
65,000 1.5% 
63,800 10 
61,600 5 
60,600 9 
60,500 12 
60,700 12 


for 1 hr., furnace cool to 1275° 
5 hr., all cool. 


hold 
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MITCHELL-BRADFORD 


ishing 


ing wax finish 


WITCH OIL “’B”’ 


preventative 


...@ name synonymous with Quality 
and Service which guarantees con- 
tinued and trouble-free production. 


Technical literature and bulletins on any of the following 
products available on request. 


BLACK MAGIC Black Finish for Steel 

BLACK MAGIC Black Finish for Zinc 

BLACK MAGIC Black Finish for Cadmium 

BLACK MAGIC S.S. Black Finish for stainless steels, 


cast and malleable irons 


MAGIC NEUT Neutralizer after Black Oxide fin- 


WITCH DIP REGULAR Semi-drying wax finish 
WITCH DIP #2 Gloss, semi-gloss, dull, hard dry- 


WITCH OIL Water displacing, rust preventative 
Heavy duty, water displacing, rust 


PIK-AIDE Pickling addition agent 
QUICK PIK Dry acid 


COMPOSITION D_ Rust preventative, solvent, de- 
tergent, cleaner, rancidity retardent 


MAGIC DRY A plating necessity 


MAGICLENE #2 Rust preventative, rust remover, 
cleaner and paint base 


SOAK CLEANERS For all metals 
ELECTROLYTIC CLEANERS For all metals 
SOLVENT CLEANERS For removing heavy soils 


with Ni-Fe electrodes and attesting 
the improvement in ductility follow 
ing heat treatment, as well as joint 
strength close to that of the bass 
metal, are shown in the tabulation 
above. 

Test 


5/32-in. electrodes at about 


with 
130 to 
140 amp., d.c., reverse polarity. A 
double-V, 70° included angle, a 
s-in. root gap and copper backing 
were employed, with the welds quite 
severely restrained by four C-clamps 
They were not peened. 

Peening is often practiced to re 
duce stresses in the joint. If done, 
it should be by repeated moderate 
blows rather than a few heavy blows 


A % to k-in. rounded peening tool 


welds were made 


’ 


or a ball-peen hammer is recom 
mended. 

Preheating also is helpful in ob 
taining a good bead contour and 
a good wash. The amount of metal 
to be deposited and severity of 
subsequent service determine the 
degree of preheat. Cold castings 
should be warmed to at 
200° F.; where high stresses are to 
be expected 300 to 350° F. may be 
adequate, although 550 to 600° F. 
is preferable. 


least 


Ni-Fe electrodes yield weld metal 
with Vickers hardness of about 160 
in the absence of plate dilution; 
as-welded hardness when diluted by 


PROCESSING TANK EQUIPMENT Automatic Tem- ; 
perature Controls the base metal is considerably higher 
COMPLETE LINE of Heat Treating Salts, Carburi- In the 
zing, Tempering, Neutral, Nitriding, etc. multilayer, single-V 


weld metal of a 
butt joint in 
* 4-in. plate will show about 225 
Vickers. In single-layer welds, the 
hardness can be kept at a satisfac- 
tory 


general, 





WJatehellle 
Bradtord 


QUALITY PRODUCTS OF CHEMICAL RESEARCH 


The MITCHELL-BRADFORD CHEMICAL CO. 


Stratford, Conn. 


low level simply by using 
2443 Main St. moderately heavy beads. 


The weld structure contains graph 
Continued on p. 154) 
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It’s eas to produce and maintain highygouul in big systems 


a 


We do it every day lesign and manufacture vacuum possibilits for assembling pacity ga 
furnacc lchydration systems, vacuum 


ystcem for parti accelerator and other larg high facturing tacilit 
| 


stills, pumping handling system rand manu 
uld com 


Vacuum units tely int 
The high vacuum metallurgical furnac 
VC 1s designing and manu i pro 
Consolidated Vacuum Corporation, Rochester 3, 


yr ( rpor 


illustrated abov a larg 1 improv 
to talk to wu 


Be 


is ty al of th large units ( luct of pr will pay 
tandard high vacuum 


offers unlimited 


Consolidated Vacuum Corporation 
Rochester 3, N. Y. 


formerly 
| 4 


designers and manufacturers of high vacuum equipment 


Areas sctenntcianen SALES OFFICES: PALO ALTO, CALIF. + CHICAGO, ILL. - CAMDEN, N. J. » NEW YORK, N. Y. 








there’s nothing 
like it! 


+) penetrascone 


metal hardness tester 


No clamps needed with this new, semi-portable Multiple-Angle 
Metal Hardness Tester. For a combination of accuracy and versa- 
tility, there is nothing like it in American industry today. 

The Multiple-Angle Penetrascope illustrated above was devel- 
oped for testing the many parts and places inaccessible when clamps 
are used — gear teeth roots and large bearing races, for example. 
The Penetrascope is movably mounted on a magnetic stand holding 
the unit firmly to a ferrous surface on which the object to be tested 
is also set securely. Adaptability is obtained by angling the stand 
on the ferrous surface, by angling the Penetrascope on its stand, 
and by adjusting the height of the Penetrascope on the stand. 

For more accessible work, the basic Penetrascope is available 
with a variety of C-Clamps and Magnetic Clamps. The Penetra- 
scope employs a 136° pyramidal diamond indenter and loads from 
1 kg. to 30 kg. Extremely accurate results are obtained in the 
range 16 to 800/1000 D.P.H., with excellent comparative results 
up to 1500 D.P.H. 


PENETRASCOPE ‘’PLUS’’ VALUES 
Accurate — Extremely accurate from 16 to 800/1000 D.P.H. 
Versatile — Capable of conventional and multiple-angle test- 
ing of large or small pieces; pieces can be tested at site. 
Portable — Basic unit weighs about 18 pounds net; extra 
weight of semi-portable multiple-angle unit is more than offset 
by its versatility. 
Minimum marring — light loads permit minute impressions, 
considered by many to be non-destructive. 





Send for our booklet on the Penetrascope today. 


C. TENNANT, SONS & CO., OF NEW YORK 


100 PARK AVENUE, NEW YORK 17, N.Y., U.S.A. 
TELEPHONE OREGON 9-1300 
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Welding Nodular Iron 


(Continued from p. 152) 

ite in an austenitic matrix, with 
some carbides present in corea 
crystals. Annealing rejects more 
graphite and decomposes any iron 
carbide which may be present. A 
carbide flash is always present at 
the frontier of fusion, with the adja- 
cent heat-affected zone showing 
considerable martensite. Multilayer 
welding exerts an annealing effect 
adjacent to at least a portion of 
the previous weld layer, serving to 
temper the martensite and, depend- 
ing upon temperature, to decom- 
pose some of the primary carbides, 
yielding ferrite and small spheroids 
of graphite. 

The weld metal offers no serious 
problem in machining, except pos- 
sibly under conditions of heavy plate 
dilution. Machinability is determined 
by the condition of the plate in the 
heat-affected zone. The carbide flash 
at the frontier of fusion is quite 
narrow, usually 0.005 to 0.015 in. 
Over-all width of the heat-affected 
zone varies, but is usually about 
0.10 in. 

Joints made in plate annealed be- 
fore welding naturally are more 
readily machined than those in as- 
cast material. A full anneal after 
welding provides good machinability 
over wide variations in composition, 
prior plate condition and_ weld- 
ing procedure. Postweld anneal at 
1275° F. improves machinability, 
while a simple torch anneal at about 
1000° F. for 10 to 15 min. may be 
adequate in a 4-in. section. Carbide- 
tipped tools are superior to toolsteel, 
particularly where a substantial hard 
zone exists. 

Ductile iron has been arc welded 
successfully with the Ni-Fe elec- 
trodes to a number of dissimilar 
metals — mild steel, Type 216 stain- 
less, Monel metal, nickel and Inconel. 
Joining ductile iron to mild steel 
is even more easy than welding the 
material to itself, since the heat- 
affected zone of the mild steel re- 
mains soft and can yield to relieve 
internal stresses. A variety of appli- 
cations of this technique have been 
reported. 

Field experience in welding duc- 
tile iron with steel electrodes is 
limited, although laboratory _ tests 
suggest a mild steel electrode of the 


(Continued on p. 156) 








Wilson“Rockwell”” 
Hardness Testers 


IS (Swat uleliclab4-t° 


WILSON “ROCKWELL”* 
Hardness Tester with 
SET-O-MATIC* Gauge 


WILSON 


Man Cn CR QO Oe 
—a eee 


SET-O-MATIC* 
DIAL GAUGE 


e Eliminates human error. 
Operator merely applies minor 
load and taps depressor bar. 
No setting of dial to zero. 


OTHER FEATURES 


@ Major load applied 
under dash pot control 


e Major load removed 
by motor 


e@ IIiuminated Dial Gauge 


e IIluminated Penetrator 


Y MODEL 
MOTOR-OPERATED 


Eliminates Operations... 
Increases Tests per Hour 


e All you have to do with the 
Model Y WILSON ‘‘ROCKWELL"’ 
Motorized Hardness Tester is apply 
the minor load and tap the major load 
depressor bar. The machine does 
everything else automatically. The 
cycle of Major Load operation may 
be less than 2 seconds. 

The Model Y wILson “ROCKWELL” 
Motorized Hardness Tester permits 
great savings in time which will re 
duce your hardness testing costs. Yet 
there is no sacrifice of Wilson's high 
standard of accuracy. 


A¢gCcO 


The utter simplicity of setting the 
SET-O-MATIC* dial gauge eliminates 
human error. The operator does not 
have to set the dial. The large pointer 
is automatically brought to “sET’’ po 
sition when the minor load is applied 

The Model Y Motorized wiLson 
“ROCKWELL” Hardness Tester is in 
production and orders are being ac- 
cepted for early delivery. Write today 
for descriptive literature and prices on 
the Model Y or other WILSON “‘ROCK- 
WELL” hardness testers. 

* Trade Marks 


Wilson Mechanical Instrument Division 


AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N.Y. 
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Doron SOOO 


Licks those 
tough jobs 

e 
Slashes your 
heat treat 
costs! 


""NO-GAP" OPERATION—A batch type furnace with less than 30 seconds 
between loads. Work chamber is never exposed to air. Loading is 
accomplished while slow cooling or quenching a previous load. 


GREATER PRODUCTION—Actual field operation has proven conclusively 
that the Dow Model J-800 will easily bring 800 pounds from room 
temperature to 1500’ F in less than one hour. 


COMPACT CONSTRUCTION—Occupies floor area of only 7'10" x 14’4” 
giving maximum production for minimum floor space. 


VERSATILITY—Ideal for carbonitriding, gas carburizing, clean hardening 
and carbon restoration. Hot oil quenching and atmosphere cooling 
equipment available. 


EXCLUSIVE FEATURES—High capacity fan combined with heat capacitor 
assures uniform case depth throughout each load «+ Forced circula- 
tion of quench oil assures uniform hardness with minimum distortion 
¢ Sealed quench tank gives cleaner stock— minimizes fire hazard. 


Four” WITH 


MECHANIZED, BATCH- 
TYPE, CONTROLLED 
ATMOSPHERE FURNACES 


12045 Woodbine Ave., Detroit 28, Mich. 
Phone: KEnwood 2-9100 
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Welding Nodular Iron 


Continued from p. 154) 
low-hydrogen type may be suitable 
Castings should be relatively low in 
Mn and Ni (perhaps 0.35% and 
0.70%, respectively) with a maxi 
mum of 0.05% P. They should be 
fully annealed prior to welding. A 
preheat of 600° F. minimizes crack- 
ing tendencies 

Successful are welding, on a pro 
duction scale, of ductile Ni-Resist 
to Type 347 stainless steel, and of 
ductile iron to “NAX” low-alloy 
high-tensile steel, using A.I.S.1. Type 
431 and 310 stainless steel elec 
trodes, respectively, has been re- 
ported by J. Sohn, W. Boam and 
H. Fisk, in Welding Journal, Sep 
tember 1953, p. 823. The weldments 
were component parts of jet ait 
craft engines and were described 
as operating satisfactorily over long 
periods of time, in a field where 
quality standards are high and serv- 
ice conditions are rugged. 

Further systematic study is needed 
to evaluate the advantages and limi- 
tations of the various arc welding 
processes on ductile iron, as well as 
to establish preferred casting com 
positions for maximum welding re 
sponse and to develop improved 
welding procedures. 


A. H. ALLEN 


British Tests on 
Welded Pressure Vessels * 


nitisnh Welding Research Associa 

tion has been experimenting on 
full-sized pressure vessels in an at 
tempt to secure data for a rational 
design of end closures and openings 
Only the initial stages of this work 
are discussed in the article here un 
der review. 

It is almost always necessary to 
measure stress on both the inside and 
the outside surfaces of the vessel 
measurements on one side only can 
be highly misleading. It is also im 
portant to remember that comme 
cial vessels or pipes differ from thi 
idealized structures of the mathe 
matician, since slight irregularitic 

(Continued on p. 158) 

*Digest of “Researches on Welded 
Pressure Vessels and Pipelines’, by 
Nicol Gross, British Welding Journal, 
April 1954, p. 149. 





How Jo Solve Corrosion Problems 
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PROBLEM : Protes ling a preheater from Corrosive 


attack during periodic contact with hy- 





drochlorie ac id, trichlor benzene, and 


other chlorine compounds at 100 deg. F. 


REMEDY : Complete lining with Hasreccoy alloy 


{ 1] page sheet 


RESULT : The vessel has given tour vears service 


and is still going strong 





PROBLEM: Valving sulphur-laden flue gas at 


600 deg. F. and 300 psi. 


REMEDY: \ '.-in. laver of HASTELLOY alloy B 


was applied to seats and seating surfaces, 


RESULT : The valves ave ove four vears? 


espite the corrosive conditions, 
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Welded Pressure Vessels 


(Continued from p. 156) 
are unavoidable. Thus, 
straight tube, 


even in a 
variations of thickness 
and out-of-round must be expected, 
and the latter superimposes on the 
stresses due to pressure in the ideal 
cylinder some very high bending 
stresses. 
Electric resistance wire strain 
gages are best suited for strain meas 
urements inside pressure vessels. So 
much has been written in recent 
years about the various techniques 
for using them that one is apt to for- 


get their simplicity. Their function- 


change its electrical resistance, and 
the latter is easily and precisely 
measured. 

attached 
a vessel, they must 
be well insulated from the 


When strain gages are 
to the inside of 
testing 
medium Success in 
7000 
psi.) depends on the tedious opera- 


usually water. 
high-pressure water (up to 
tion of applying and waterproofing 
the strain gages, as well as insuring 
adequate insulation of the leads to 
the indicator. 
gages are 
manually operated if there are up 


Leads from the strain 
taken to an _ indicator, 


to 40 to 60 measuring stations, or 
to an automatic scanning and record- 
ing device if the particular problem 


Stress Probing —A simplified 
method, known as stress probing, 
has been devised to speed up the 
measurements. 

Stress probing consists of subject- 
ing a vessel to slow pulsations of 
pressure while a mechanical gage is 
pressed against the surface; the de- 
flection of the pointer in rhythm with 
the pressure pulsations is a measure 
of the strain induced. Obviously this 
gives no direct information about 
the stress inside the vessel. 

Stress probing requires an appa- 
ratus for cyclic loadings of constant 
range and a_ suitable device for 
measuring the changes of induced 
strain. As regards the latter, a Swed- 


ing depends on the fact that when a being investigated requires more ish instrument* of small base length 
(0.12 to 0.40 in.) is useful; it re- 
cords the change of helix angle of a 
length of perforated, twisted metal 
strip. In our tests, this instrument 
was held in place by a spring-loaded 
arm attached by a magnetic clamp 
to the test specimens, the arm being 
so designed that readings at many 
stations could be taken with the 
magnet in the same position. 
Limitations — Engineers have so 
readily adopted strain gages because 
they work in terms of the physical 
reality of the structure 
mathematical 


piece of wire is stretched, it will measuring points. 
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, instead of a 
idealization. Unfor- 
tunately a tendency has arisen to be- 
lieve that this method can provide a 

full answer to all design problems. 
They do provide data with which the 
designer can judge the behavior of 
a structure when it is subjected to 
operating 


ASK YOUR 
SYLVANIA DISTRIBUTOR 
FOR THIS GREATEST OF 


loads. Experience with 


similar welded structures in service, 
however, is then needed for the de- 


termination of “safety factors” which 


must cover those contingencies about 


a en eS which strain gages can offer no in- 
ing! Here's a helpful, new chart based on re- 
search by Rensselaer Polytechnic Institute. 
Gives you valuable facts and short cuts... 
helps you save time, material, and money. 

EASY-TO-READ TIPS. This folder lists tough weld- 

ing problems and gives solutions side by side. 

Tells what to do about difficult starting, brittle 

electrode tips, contamination, excess heat ...and 

many other problems. 

Ask your Sylvania Welding Distributor for a 
couple of these FREE charts. Also check your 
supply of Sylvania packaged electrodes . . . Tho- 
riated Tungsten, Puretung, and Zirtung . . . the 
rods tested for quality and uniformity from ore 
to finished products. For any further informa- 
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Sylvania Electric Products Inc., 1740 Broadway, New York 19, N. Y. 
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formation. 
FINGER TIP 


SOLUTIONS TO YOUR 
TOUGHEST PROBLEMS! 


Measurements in the elastic range 
only do not tell the full story. Stress 
peaks will be reduced by localized 
plastic ow. Thus there is no known 
immediate relationship between the 
initial stress concentrations and the 
real danger of bursting in the vicin- 
ity of a given discontinuity. 

Before the engineer can form a 
true picture he must obtain other 
information from statistical study of 
known failures in service. 


Speeds work, 

Avoids trouble, Saves dollars! 
Informa- 
In Canada: Sylvania failures is usually 
Electric (Canada) Ltd., ae d 
University Tower difficult to obtain; 
Building, St. Cath- tory work, to be 
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TELEVISION 


tion on service 
therefore labora- 
really significant, 
(Continued on p. 160 


*See description by R. Gunnert in 
Arcos, 1951, p. 3027 





METAL PROGRESS; PAGE 158 














FABRICATED 


BASKET SERVICE... 
THAT’S HARD TO BEAT 
at WILLYS MOTORS, inc. 


ALUMINUM FORGE DIVISION 





Shown in action is one of 24 
similar stainless steel etch baskets 
designed and fabricated by 
Rolock Incorporated. Dimensions 
are 6’ x 3’ x 16%”; load is 500 Ibs. 
of aluminum forgings... thru the 
following 6-cycle operations: 


Acid pickle, 10% sulphuric 
acid, 3% chromic acid solu- 
tion at 160° F 

. Cold water rinse. 

» Etch in 10%-15% caustic so- 
lution at 160° -180° F 

. Cold water rinse. 


=. Bright dip in 10% sulphuric 
acid, 3% chromic acid solu- 


' This Case History is another demonstration of the value of Rolock engineered- 
tion at 160° F. 


to-the-job, fabricated-welded design and construction of containers for han- 
F. Hot water rinse. dling metal parts. 


EACH BASKET has been Extended service life reduces costs materially, improves the work, cuts time. 
subjected to an average of 125 Rolock design and construction raises the ratio of load to basket weight, thus 
cycles per month for more than again reducing costs. 

SIX YEARS... and theyre stil] Rolock engineers welcome your inquiries for baskets, trays, racks, crates, 
going strong...after a total of fixtures, retorts, muffles, vessels, kettles, etc., for heat and corrosion resistant 
about 10,000 cycles. THAT IS applications. 


SERVICE! Send your tough problems to us for solution. We welcome the challenge. 


Offices in PHILADELPHIA, CLEVELAND, DETROTI HOUSTON, CHICAGO, ST. LOUIS, LOS ANGELES, MINNEAPOLIS, PITTSBURGH 


ROLOCK INC. - 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 
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operating costs of q Waltz furnace and the charges for out- 
side service. In addition to this money savings you can 
eliminate (1) materials-handling expenses involved in get- 
ting tools to and from the outside service, (2) production 
delays caused by waiting for outside service. ° 
The Waltz small tool heat-treating “package” is a compact 
unit designed for convenient positioning in your shop (fur- 
nace sections equipped with casters). Set-up includes pre- 
heat furnace, high-heat furnace and quench tanks. 


say UoO uno 
Furnaces have temperature permitting treatment of 
all high-speed steels. Sucadend acces 8 UNE koe 
treating 


furnaces are available, built to use many different 
fuels, Write today for comprehensive bulletin to Dept. W. 
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Welded Pressure Vessels 


(Continued from p. 158) 
requires that tests be carried to de- 
struction of full-scale (or at least 
large-scale) specimens. 

In the absence of complementary 
information from these two sources, 
engineers are compelled to accept 
an intelligent approximation instead 
of a solution. Strain gages can do no 
more than achieve this result. 


E. E. T. 


A. E. C. Program b, 


(Continued from p- 97) 
scale-up over the small one running 
out in Idaho is from 1400 to 62,500 
kw. of heat, and from 170 up to 
15,000 kw. of electric power. 

Our third step will attempt to use 
the boiling of water as a method of 
heat extraction, hoping to put steam 
directly into the turbines. Present 
plans call for 20,000 kw. of heat and 
5000 kw. of electric power. 

The fourth reactor is a larger 
version of the homogeneous reactor 
and again it will be an intermediate 
step. Present specifications call for 
only 3000 kw. of heat from this re- 
actor compared to 1000 in the pres- 
ent experiment at Oak Ridge. The 
next step, already planned, calls for 
65,000 kw. of heat in a homogeneous 
reactor which will breed U2** in a 
surrounding blanket of thorium. 

The fifth experimental reactor will 
use sodium-potassium alloy as cool- 
ant and graphite as a moderator. The 
hot coolant will not boil so it will be 
a low-pressure furnace generating 
about 20,000 kw. of heat — which 
will be wasted, at least at the start.* 

In addition to these new proposals, 
we shall continue several other pro- 
grams already under way. These in- 
clude the intermediate submarine re- 
actor near Schenectady, and the de 
velopment of a reactor to propel 
aircraft. 


*On March 25, Commissioner 
Zuckert said that the A.E.C. entered 
into a contract with North Ameri- 
can Aviation whereby the latter 
would house the experiment, pro- 
vide the facilities, and operate the 
project, contributing $2,500,000 of 
the total $10,000,000 expected to 
be spent in the next two years. He 
also said “there is another project 
that we hope to launch very soon in 
cooperation with the Army Engi- 
neers. This project is a package 
nuclear power plant for use in re 
mote areas such as the arctic 
wastes.” 
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Total enclosed cutting assembly. Specimen holder and adjustable 


clamps on swing arm with operating handle. Enclosed '2 HP ball NO. 1700 
bearing motor. 


NO. 1500 STANDARD POLISHER produces accurately polished speci- 
mens with speed and ease. 8” diameter bronze wheel mounted to 
“4 HP ball bearing motor. Speeds of 550 & 1150 r.p.m 


NO. 1700 NEW AB ELECTRO POLISHER produces scratch-free speci- 
mens in a fraction of the time usually required for polishing 


Speed with dependable results is obtained with both ferrous and 
non-ferrous samples. 


NO. 1251 DUO-BELT WET SURFACER is the most modern appa- 
ratus for the flat preparation of metallographic specimens. Two 


NO. 125] 
belts of different grits travel at speeds of 1600 & 3200 ft.p.m 


NO. 1511-2 DELUXE POLISHING APPARATUS has convenience 
of desk-top height. Wash bowl, two 12” swing spouts, two 8” 
removable wheels... one standard 1500 F and one low 


speed 1505-2 F polishing heads. 
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Cathodic Vacuum Etching 


(Continued from p. 112) 
Stains and Artifacts 


A substantial portion of the energy 
is converted to heat and if this is not 
dissipated properly the cathode gets 
very hot. Aluminum can be melted 
easily, and grain growth induced in 
zirconium. If the temperature goes 
much above that used in our work, 
several undesirable 


effects occur. 


Stainless steel becomes heat tinted; 
a uranium surface quickly turns 
black, obscuring any structure which 
may have been developed. 

The “temperature” of the sample 
referred to above is that of the bulk 
of the material rather than the sur- 
face. Some theoretical models for the 
mechanism of energy transfer at the 
surface of the cathode postulate that 
very high temperatures exist at the 
surface on a scale of atomic dimen- 
sions. Although very steep tempera- 
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ADAPTABILITY—Ardcor Standard Forming Ma. 
chines feature “unit construction” for each stand. 
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required. 
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ture gradients may exist there, no 
detrimental effects on the micro- 
structure have been observed. 
Another temperature - dependent 
artifact was observed with silicon 
bronze: If the sample is etched in 
the usual manner, but the tempera- 
ture is allowed to drop below the 
dew point before exposure to the 
atmosphere, water condenses on the 
surface and staining results. 
Redeposition of part of the dis- 
lodged material may occur during 
cathodic vacuum etching. A devi- 
ation from the usual procedure while 
etching a cupronickel sample _re- 
sulted in an observable deposit 
similar to one type described by 
Feitknecht. The sample was dull and 
appeared to be covered with myriad 
small dark 


was much greater on the cupro- 


spots whose number 
nickel side of the interface. By using 
the electron microscope it was estab 
lished that the spots were low, rather 
flat projections about 2.5 microns in 
diameter. The sample had been 
cooled for 11 min. before the power 
was applied; consequently the sam- 
ple was etched at lower temperatures 
than usual. When similar samples 
were etched employing the 3-min. 
cooling procedure, no deposit was 
observed. 

All of the materials mentioned in 
this article excepting aluminum have 
been successfully etched on zircon- 
ium fittings. When pure aluminum 
and aluminum alloys were etched 
on zirconium fittings there was a 
noticeable layer of redeposited mate- 
rial on the resulting surfaces. A 
similar difficulty was encountered 
when etching zirconium samples on 
aluminum fittings, but to a lesser 
degree. Redeposition was eliminated 
in both these instances by using 
cathode fittings made of the same 
type of metal as the sample. Other 
materials tried were found to etch 
equally well on both types of fittings. 

Summary — The time and extra 
care formerly required for cathodic 
vacuum etching have been reduced 
to a level which makes a practicable 
routine of this nonchemical means of 
etching metals. The speed and other 
desirable characteristics are derived 
primarily from the cooled cathode. 
Etching times are of the order of ] 
to 3 min. compared with 1 to 3 
hr. in previous techniques. With 
this procedure the ion current dens- 
itv is held constant during etching 

Continued on p. 164) 











Here is a ram, two flame-hardened rolls and a cyl- Besides a regular line of forgings, National Forge 

inder. In the left background is a crankshaft being has additional facilities for contract machining and 

machined. can produce single parts, sub-assemblies or com 
This shows in a small part the large variety of plete machines. 

forgings produced at National Forge. Small or large, This versatility offers you a service beyond the 


alloy or carbon, heat-treated or annealed, rough or regular forge shop. Perhaps you have some problem 


finished, each forged machine part is carefully pro- in a forging or a machine component which might 


duced to meet the customer’s specification. be solved at National Forge. 
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~—and you have the most economical source of dis- 
associated hydrogen and nitrogen for metallurgical 
uses. 6,750 cubic feet of Hydrogen and Nitrogen 
from a single 150 lb. cylinder! And you don’t have 
to stock up heavily—our coast-to-coast delivery 
service will give you fast delivery on 150, 100 and 
50-lb. cylinders. 

Check the many jobs Barrett Ammonia can do 
so well—then order today! 


Do You Use Anhydrous Ammonia 
for These Important Jobs? 


* Protective atmosphere for bright annealing, brazing 
and powder metallurgy. 


Nitriding of alloy steels and carbonitriding (Dry 
Cyaniding) for treatment of steel. 


Case hardening of iron and steel with case depths 
up to 0.025 inches. 


Sintering of metal powder compacts. 


Augmenting corrosion—resistance treating for alu- 
minum, magnesium, other light metals. 


As a solvent in making electrolytes for electrolytic 
recovery of salts. 


GET THIS VALUABLE HELP! 


Technicians specially trained in the use of Anhydrous 
Ammonia for the above and other metallurgical uses 
are ready to help you. No obligation. Call or write 
today! Also—valuable handbook available on the use 
and economical handling of Ammonia. Request it. 
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Cathodic Vacuum Etching 


(Continued from p. 162) 

and time is the controlling variable. 

In general, one set of electrical 
and pressure conditions in a system 
of fixed geometry was found to be 
satisfactory for the etching of a vari- 
ety of materials cut in various cross- 
sectional sizes and shapes; diverse 
materials could be etched in spite 
of differences in chemical activity, 
types of structures and inclusions, 
mode of oxide formation and etch- 
ing rates. The structures developed 
using this procedure were clean, free 
from artifacts and displayed good 
contrast in bright-field illumination. 

In addition to this wide applic- 
ability in general metallography, 
cathodic vacuum etching is useful 
for etching dissimilar metal couples, 
cemented carbides, and composites 
of metals and nonmetallics. 
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Screening Test for 
Cast Stainless Steels* 


us TESTS were reported from 


the Duriron Co., Inc., Dayton, 


Ohio. They represent further signifi- 
cant investigations of the applicabil- 
ity of the method originally proposed 
by M. A. Streicher in the article, 
“Screening Stainless Steels From the 
240-Hour Nitric Acid Test by Elec- 
trolytic Etching in Oxalic Acid” 


published in ASTM Bulletin, Febru- 
ary 1953, p. 35. 

The method was to electrolytic- 
ally etch a polished surface in 10% 
oxalic acid and view the etched sur- 
face at magnifications from 250 to 
500. The appearance of the etched 
surface determined whether the sam- 
ple was free from intergranular car- 
bide precipitation or there was suffi- 
cient attack to warrant the time and 
expense necessary for the 240-hr. 
nitric acid test. 
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Since it is desirable to adapt the 
rapid screening test to cast as well 
as wrought stainless steels, the labor- 
atories of the Duriron Co. started 
work on the cast compositions. As a 
result of these tests it can be defin- 
itely concluded that the cast alloys 
designated by Alloy Casting Insti- 
tute as CN-7M, CF-8, and CF-8M 
can be screened by the foregoing 
technique. 

The samples were _ polished 
through No. 000 emery paper and 
then made the anode of an electro- 
lytic cell with a 10% (by weight) 
oxalic acid electrolyte. Etching was 
conducted with a current density of 
1 amp. per sq.cm. for 1% min. Intro- 
ductory work was conducted on the 
wrought stainless steels, particularly 
Types 304 and 316. The microstruc- 
tures common to wrought stainless 
steels after various heat treatments 
were easily distinguishable. Data 
from the boiling nitric acid test were 
obtained from duplicate samples to 
verify results. The test is not so criti- 
cal as to render it unpredictable. 
Once it was clearly established that 
the technique was correct, tests were 
started on the cast grades. 

The alloy CN-7M is austenitic 
and characterized by a_ relatively 
large grain structure. If it receives 
correct solution treatment (water 
quenched from 2000° F.) its grain 
boundaries appear as a series of 
small discontinuous pools or globules 
of carbide. Such structures have a 
corrosion rate in nitric acid of 0.0008 
to 0.0015 in. per month. When the 
alloy is badly sensitized (precipi- 
tated), the grain boundaries will 
appear ditched and the material will 
have a corrosion rate in nitric acid 
of 0.0244 in. per month — which is 
greatly in excess of the maximum 
0.0025 in. per month allowed for 
this alloy. When the grain boun- 
daries appear as a thin continuous 
black line, the test is considered in- 
conclusive and the steel should be 
subjected to the standard test in 
boiling 65% nitric acid. Selective at- 
tack of small areas within the grains 
themselves should not be considered 
detrimental. The criterion for this 
steel is the presence of ditching at 
the grain boundaries. 

(Continued on p. 168) 


* Digest of “Screening Cast Stain- 
less Steels by Electrolytic Etching in 
Oxalic Acid’, by G. W. Jackson and 
W. A. Luce, ASTM Bulletin, January 
1954, p. 71. 
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| THERE’S HEAT THERE’ Saf FAHRALLOY 


Recuperator Liner for Cement Mill Cooler 


URING the more than 20 years that Fahralloy has been 

producing heat and corrosion resisting alloy castings for 
industry, versatility has been a keynote of the company’s opera- 
tions . . . versatility in design, in size, in composition to meet 
each individual need. Fahralloy thinking has always been in 
terms of solving heat and corrosion problems. That's why 
Fahralloy castings assure better service and longer life. When 
you have a problem that involves the toughest of high tempera- 
ture service conditions, you can have complete confidence that 


you will find the solution at Fahralloy. 


2 
Retort for Pit Type Carburizer 
CLARE CHARRON © 207 Curtis Building © Trinity 5-7633 
DETROIT Area Representative 


LOY WHERE THERE’S HEAT THERE’S FAHRALLOY 
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150th & Lexington Ave. — Harvey, Illinois 
In Canada — Fahralloy Canada, Ltd., Orillia, Ontario 
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COLUMBIA TOOL STEEL COMPANY « CHICAGO HEIGHTS, ILL. 


Producers of fine tool steels — All types immediately 
available through Sales Offices, Warehouses and 
Representatives in Principal Cities. 





Daddy, you keep calling Superman “‘Superdie”. (SUPERDIE® 
is Daddy's favorite die steel ). 














«~ SLAM 


for All Your “Rockwell Testing” Needs 


CLARK Diamond Cone Penetrators 
are exactly right for your “Rock- 
well” hardness tester, whether or 


not it bears the CLARK name. ec 


Every step in their manufacture, 
from careful diamond selection to 
expert lapping, leads to a precision 


e= 


product that will give you precision 
results. Yet CLARK Diamond Pene- 
trators cost surprisingly little. 5 
es ; 





CLARK Steel Ball Penetrators, for 
accurate “Rockwell testing” of un- 
hardened steel, cast iron, brass, 
bronze, and similar materials, are 
available in all standard sizes. 





WR 





CLARK Test Blocks, in various 
hardness grades, provide a quick, 


ing the accuracy of your “‘Rockwell” 
type hardness tester. 


Write today for descriptions 
and prices. 


CLARK INSTRUMENT, INC. 


10202 Ford Road e Dearborn, Mich, U.S.A 


sure, and simple method of check- & 


DS 


FAFIS 
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Screening Test. . . 


(Continued from p. 166) 

The CF-8 and CF-8M steels are 
not normally completely austenitic 
and may show appreciable ferritic 
areas in the structure. The presence 
of complete ditching of grain boun- 
daries or heavy etching of inter- 
connecting ferrite stringers indi- 
cates the necessity for further test- 
ing by the standard 240-hr. nitric 
acid method. As with the CN-7M 
alloy, the presence of scattered pit- 
ting in CF-8 and CF-8M alloys is 
characteristic and of no consequence 
in the screening operation. 

To check the reliability of this test 
method, a number of specimens from 
consecutive routine foundry heats 
made over a period of months were 
subjected to the procedure. All heats 
showed structures which would be 
acceptable under the above stand- 
ards. These samples were also spot 
checked with the boiling 65% nitric 
acid test. 

All nitric acid tests were well with- 
in prescribed limits and the screen- 
ing tests were verified. This illus- 
trates that with proper control the 
method can be reliably applied to 
the screening of cast stainless alloys 
CN-7M, CF-8 and CF-8M. 

R. L. ANDERSON 


Comparison of Costs in 
Openhearth and Electric 
Furnace Shops* 


THOROUGH analysis of steelmaking 
costs in openhearth and electric 
furnace shops is given in this report. 
It is stated that production costs in 
making steel are made up of terms 
which fall into two major categories: 
“cost above”, or normal overhead, 
and cost of metallics in the furnace 
charge. 
Since the term “cost above” in 
(Continued on p. 170) 


*Second of a three-part digest of 
“Comparative Economics of Open- 
hearth and Electric Furnaces for 
Production of Low-Carbon Steel’; a 
report prepared by S. L. Case, D. D. 
Moore, C. E. Sims and R. J. Lund, 
Battelle Memorial Institute, of a 
study sponsored by the Electric Fur- 
nace Survey Group and Bituminous 
Coal Research, Inc. Published by 
Bituminous Coal Research, Inc., 
Pittsburgh; price $10. (First part 
published in June issue.) 
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Twin Kemp Atmos Gas Generators Give This 
Steel Producer Absolute Atmosphere Control 


Preventing oxidation and discoloration during the an- 
nealing of cold strip steel is the assignment of two Kemp 
Model 6-MR Atmos Gas Generators installed at Thomas 
Strip Division of Pittsburgh Steel. The picture shows Fred 
Michaels, Turn Foreman, observing the test burner on the 
panel of the controlled atmosphere producer. 

Fueled with natural gas, these units supply uniform atmos- 
pheric gas within the annealing furnaces . . . deliver exact 
qualitative analysis regardless of load demand. Delivering up 
to 6,000 cfh, the battery of Kemp Generators assures protec- 
tion against oxidation and discoloring of steel in process 


Kemp Units “Do Far Better Job” 
Division management states that the Kemp Generators 
are doing a far better job than the generating equipment 


BE Mton 


ALTIM 


they replaced. Purity of the gas is very good by actual analysis 

. equipment capacity increased . . . maintenance and labor 
costs reduced . . . product quality improved by the much 
closer atmospheric control made possible by Kemp 


Kemp Can Help You 

lf you have a controlled atmosphere problem, Kemp can 
help you. Every Kemp Atmos Generator is engineered for 
fast-starting, easy operation . delivers a chemically-clean, 
controlled atmosphere at specific analysis, without fluctua- 
tions regardless of demand. For convenience, safety, and 
dependability—specify KEMP. A Kemp engineer will gladly 
discuss your own specific problem without obligation 


Write: C. M. KEMP MFG. CO., 405 East Oliver Street, Baltimore 2, Md. 


ATMOS GAS GENERATORS 


ADSORPTIVE DRYERS + SINGEING EQUIPMENT 
IMMERSION MELTING POTS 
CARBURETORS - BURNERS + FIRE CHECKS 
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Cost Comparison . 


(Continued from p. 168) 

steel melting operations has been 
a subject of great interest among 
steel men for many years, the very 
thorough discussion of this factor in 
the report should be of considerable 
interest. In steelmaking the process 
cost above may be divided into two 
major groups. 

1. Items that are directly related 
to tonnage of ingots produced. These 


fuel 


natural or producer gas for the open- 


items are: (oil, tar, coke-oven, 


hearth process, or electric power and 


electrodes for the electric furnace 
process); molds and stools; fluxes; 
ladle refractories, stoppers, nozzles, 
and similar supplies. 

2. Items that constitute the rela- 


tively stable overhead costs and are 
not directly proportional to the ton- 
nage of steel produced per hour. 
These include: furnace refractories; 
production labor; furnace repairs; 
indirect labor; 


maintenance labor; 










































































PORTABLE 
HARDNESS TESTER 


Show the exact hardness of your metals before 
and after heat-treating, to reduce tool wear and 
breakage and to speed up production. 


' Ames Portable Hardness Testers are light in weight 
and are carried to the work. Tests are easy to make 






_ and accurate, requiring no skill. 


direct in the Rockwell Scales. 








Send today for interesting folder 
“Rockwell Hardness Testing Made Easy’ 





Mu PEELE ELL 





Ames Portable Testers are used to test flats, rounds, 
Hrip, tubing, wire, etc., without cutting off speci- 
mens. Saws, gears, knives and large irregular 
shapes ase tested while assembled. Readings ore, 
































































AMES PRECISION MACHINE WORKS 
Waltham 54, Mass., U.S.A. 
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tools, lubricants; 
water and utilities; 
eral expense; fixed charges. 
In comparing the melting cost of 
the electric furnace with that of the 
openhearth, it will be obvious that 
the definitely 
related to the comparative cost of 
openhearth fuel as compared to the 
cost of electric power and electrodes. 
Most other items of overhead cost 
listed under the second group are 


supplies, 
switching; 


yard 


gen- 


two main factors are 


common to both operations and in 
general are quite similar. 

The term cost as used in the pre- 
ceding paragraphs does not include 
the fixed charges, which are a sum- 
mation of interest, taxes and amorti- 
zation of plant cost. In this report 
these fixed charges are calculated on 
the basis of 12% of the total capital 
cost at the 1952 level of prices for 
raw material and labor. According 
to present methods of accounting, 
12% may since it is 
based on the old concept of amortiz- 
ing the plant in about 20 years. The 
trend today is for a more 
(Continued on p. 172) 


be too small, 


rapid 


Table Il— Estimated 1952 “Cost 
Above” per Ton of Ingots in an 
Openhearth Shop* 


Cotp 50% Hor 
MetTaL METAL 

Fuel oil $2.76 $ 1.98 
Fluxes 0.69 0.50 
Furnace refractories 0.70 0.70 
Ladle refractories 0.15 0.15 
Furnace repairs 1.60 1.50 
Molds and stools 0.65 0.65 
Production labor 2.00 1.60 
Maintenance labor 

and materials 0.70 0.55 
Oxygen 0.20 
Supplies, tools, 

lubricants 0.20 0.20 
Water, steam, elec- 

tric power 0.35 0.30 
Yard switching 0.20 0.20 
Slag disposal 0.35 0.30 
Indirect labor (Su- 

pervision, metal- 

lurgical, clerical) 0.20 0.20 
Employee benefits 0.35 0.30 
General expense 


(overhead) 0.45 0.40 


Toral 
Fixed charges 

(Interest, taxes, 

and amortization) 3.88 3.20 
Tora.t $15.23 $12.93 


* Eight 200-ton furnaces providing 
1,000,000 tons annual ingot capacity. 
+Including fixed charges based on 
1952 capital costs. 























Magnesium extruded shapes ready for immediate shipme nt 


a new look at Magnesium! 


Designers and cost-conscious production men have found the answer to 


N KW AVAILABI LITY. ee their problems in many applications with magnesium extrusions—now 

- “7 ‘ — » produced by new Dow facilities. Standard and special shapes, bars, rods 

SH APES AND LENG HS and tubing all are readily available in alloys which save weight, add 

NE\ y R BE F( yR EF EXTRUDED ee cut costs. Get information on magnesium from your nearest 


ales office or write THE DOW CHEMICAL COMPANY, Midland, Michigan. 


In sper lor ¢ he “ king spect il ex Magnesium hars, rods, shape s and u orld’ s first Hh-ine h magnesium This col of magnesium sheet 
truded shape s offered in a wide tubing. Available in diameters or coil mill now rolls sheet an 1 plate in started through the Blanch coil 
variety of alloys and sizes. cross sections up to 10) inches greater lengths and widths mill as a one-ton rolling ingot, 


you can depend on DOW MAGNESIUM 








MISCO 


EXPERIENCE 
Is 
your 
INSURANCE 


et 


ANNEALING HOODS 
CARBURIZING BOXES 


MALLEABLEIZING BASKETS 


AND OTHER 


HEAT-TREATING CONTAINERS 


ill 


4 
il 


REDUCE 
STRENGTH WEIGHT 


{203 MISCO FABRICATORS, INC. 


‘ 


Ny ip Destencrs, Builders, Fabricators of Heat Resisting Alloy 
ove 


° and Stainless Stecl Equipment 


1999 GUOIN STREET + DETROIT 7, MICHIGAN 
TELEPHONE LORAIN 7-1545 
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Cost Comparison 


(Continued from p. 170) 
amortization. The latter method 
would be very favorable to the elec- 
tric furnace plant because of its 
lower total investment cost. 

Again basing the comparison on 
a plant of one million tons annual 
capacity, Table II shows the over- 
head factor per ton of ingots in an 
openhearth plant, and Table III 
gives similar figures for an electric 
furnace shop of the same capacity. 
In these cost-above figures, fuel oil 
is estimated at 60c per million Btu. 
and electric power at 9 mills per 
kw-hr. The table for each type of 
shop shows the total estimated over- 
head for a 100% cold metal charge 
and a 50% hot metal charge. To each 
cost-above figure are added the fixed 
charges on the plant, and the total 
gives the complete cost-above value 
for the four different conditions of 
operation. The significant difference 
in these overhead costs is that the 
cost of power for the electric furnace 

(Continued on p. 176) 


Table III — Estimated 1952 “Cost 
Above” per Ton of Ingots in an 
Electric Furnace Shop* 

50% Hor 

Meta METAL 

Powe1 $ 4.70 $ 4.25 
Electrodes 2.16 1.80 
Fluxes 0.62 0;67 
Furnace refractories 0.50 0.45 
Ladle refractories 0.15 0.15 
Furnace repairs 1.30 1.20 
Molds and stools 0.85 0.85 
Production labor 1.35 1.25 
Maintenance labor 

and materials 0.65 0.55 
Oxygen 0.28 0.28 
Supplies, tools, 

lubricants 0.20 0.20 
Water and utilities 0.35 0.35 
Yard switching 0.20 0.20 
Slag disposal 2 0.20 
Indirect labor (Su- 

pervision, metal- 

lurgical, clerical ) 2 0.20 
Employee benefits 2 0.23 
General expense 

(overhead) 0.40 


CoLp 


TOTAL $13. 23 
Fixed charges (In- 

terest, taxes and 

amortization ) + 1.9] 
$16.26 


Toract $15.14 


*Eight 20-ft. furnaces providing 
1,000,000 tons annual ingot capacity. 

tIncluding fixed charges based on 
1952 capital costs. 








These valuable handbooks belong on the desk of every 
engineer, designer and production man. Single copies of 
any or all of them are free when requested on business 
letterhead. Otherwise each book is one dollar. 


A Complete Index 16 MM Color-Sound Films 





of all Reynolds Te« hnical 
Literature and Films on 
aluminum design and fab 
rication is also available 
Write Reynolds Metals 
Company, 2519 South Third 
Street, Lovisville 1, Ky. 


Available, Too 
1. SHAPE OF THINGS TO COME 
(extrusions) 
2. TALE OF THE POWDERED PIG 
(powders and pastes) 
3. PIGS AND PROGRESS (mine 
to fimshed product) 


Instructors in technical schools are also invited to take 


advantage of these educational 


ELA LAL LL, 
EXTRUSIONS 


@ 
@ 
@ 


DESIGNING WITH ALUMINUM 
EXTRUSIONS — Explains the 
basic prir , 

truded alur 

effectively 


ALUMINUM FORMING 
sents accepted practi 
bending, torming, anc 

aluminum 152 pages 


aids. Write tor details 


SCTHCLOS METALS COmPAET 


ALUMINUM STRUCTURAL DE 
SIGN Shows how to design 
original structures with alur 
num of convert present designs 
to aluminum 130 pages 


erie himinyg 


MACHINING ALUMINUM AL 
toys Covers aluminum ma 
chining including automatic 
screw machining 


REYNOLDS 








MODERN 


DESIGN HA 


ALUMINUM DATA BOOK~ 156 
tables give complete physi 
chemical and mechanical pr 
erties; availability data, te 
ances, definitions, tabricatic 
intormation 


124 pages. 



































ALUMINUM POWDERS AND 
al PASTES Describes types of 
powders and their uses in paints 
and coatings, pyrotechnics, proc 
}, metallurgy and other 


194 pages ations .. . 64 pages 


_—— 


ta Slening 


fil uM num 
~* Shs Sa 


ALUMINUM 


bee 

FINISHES FOR ALUMINUM 
Gives basic data on application 
and uses tor electroplated, me 
chanical, chemical and organic 
finishes. 124 pages 


FASTENING METHODS FOR 
ALUMINUM Offers information 
on mechanical ning and tasten 
ing methods. and the advantages 
of each 13% pages 


WELDING ALUMINUM Gives 


plete data on the welding 


HEAT TREATING ALUMINUM 
ALLOYS Explains the theory cor 
and procedures tor heat treating brazing and soldering of alumi 


aluminum alloys . 198 pages. num 186 pages 


ALUMINUM 





ALUMINUM™ iN 
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Here are 6 tacts 


fop men in American 
about a new service 


Whatever your industrial heating and 
processing problem, this new Lindberg 
service can provide the answer. Its 
newly created Field-erected Equipment 
Division can now supply a complete 


Lindberg is experienced in this type of 
service. Over a period of years, under 
certain conditions, it has been able to 
provide it to some industries. Now, 
with new plant and organizational facil- 
ities, this experience is available on a 
broader scale to help answer industrial 
heating and processing problems in most 
manufacturing fields. 


For many years Lindberg’s large tech- 
nical staff and outstanding scientific 
laboratories have been recognized as 
leaders in metallurgical research. This 
background assures the technical know- 


Lindberg field-erected contracts are 
one-firm jobs. Modern plants, up-to- 
date equipment, experienced personnel 
and adequate material stocks assure 


planning, designing, manufacturing and 
installation service in this field, every- 
thing from a single furnace to a com- 
plete plant. 


Vitreous Enameling Furnace field-erected by Lindberg. 
180 feet long, electrically heated with 32 zones of control. 


how which you can depend on to pro- 
vide the most effective and economical 
answer to your industrial heating and 
processing requirements. 


that your installation will be completed 
on time and will operate with the full 
effectiveness planned for it. 


LINDBERG 


Chicago Plant: 2448 West Hubbard Street—Chicago 12, Illinois 
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Since 1935, Lindberg has been a leader in the 
development of industrial heating equipment. 


Industry should know 
offered by Lindberg 





Lawrence Remiker R. A. Hastings 


A management staff of long experience 
in this field directs this new Lindberg 
Division. The men pictured here have 
spent a collective total of 97 years in 


Every contract will have on-the-spot 
service from one of Lindberg’s expert 
Field Engineers who are located in 22 
cities throughout the country. This per- 


Atlanta 

Buffalo 
Charlotte, N. C. 
Chicago 


Fairlawn, N. J. 
indianapolis 
Kalamazoo 
Kansas City 


Cleveland 
Dallas 
Denver 
Detroit 


To get the best possible help with your 
industrial heating and processing prob- 


lems just call your nearest Lindberg 
Branch Office (you'll find the number 


Elmer B. Jones C. P. Masure 


planning, designing, erecting and serv- 
icing industrial heating and processing 
equipment. You can afford to depend 
on their proven abilities in this field. 


sonal, close-at-hand service follows right 
through from the original planning to 
the final installation. Lindberg Branch 
Offices are located in these cities: 

Pittsburgh Springfield, Mass. 


San Francisco St. Lovis 
Seattle Tulsa 


Los Angeles 
Milwaukee 
New York City 
Philadelphia 


in the Classified Telephone Directory 
or in the Trade Book Directories). One 


of our engineers will be on the job at 
once. 





Lindberg Field-erected Division is ready to serve these industries 


Aluminum, Automo- 


* tive, Building Supplies, Copper & Brass, Ceramics & Glass, Plastics, Pulp & Wood 
Products, Steel and many others. 


ENGINEERING COMPANY 


FIELD-ERECTED EQUIPMENT DIVISION 


Los Angeles Picnt: 11937 So. Regentview Avenue—at Downey, California 
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Cost Comparison . . . 





(Continued from p. 172) 
is higher than that of the fuel oil 
for the openhearth furnace. Most of 
the other items of fixed cost are quite 







similar for the two plants. The power 





cost for an electric furnace using a 





50% hot metal charge is estimated at 





170 kw-hr. per ton of ingots, a figure 





which has been confirmed by authors 





of other papers on electric furnace 





operations. 





Following these data on overhead 
costs, the cost of the metals in the 






charge is analyzed and summarized 





for the over-all production cost of 
the two kinds of furnaces. Six tables 


are presented which combine all 






the cost elements of operation that 
have a bearing on the final total cost 


per net ton of ingots, Using the basis 







of one million tons of annual ingot 
capacity, Table IV shows the cost for 






openhearth and electric furnace oper- 
ations with a complete cold metal 
charge and Table V_ gives a com- 
parison for the two kinds of furnaces 
operating on a 50% hot metal charge. 


In these tabulations the prices of 










Table IV—Estimated Production Cost per Ton of Ingots From Cold Charges 





IteM 


Steel scrap @ $43 per gross ton 

Pig iron @ $58 per gross ton 

Iron ore (lump) @ $14 per gross ton 

80% ferromanganese* 
(4, $335 per gross ton 

TPotal cost of metallics 

“Cost above” 

(sross cost 

Less credit for 60 Ib. of recoverable 
steel s« rap 

Net production cost per ton of 
ingots 





OrrENHEARTH Ev_ecrric FURNACE 

Lp. PER — LB. PER — 
Ton Ton 

1668 $32.00 1985 $38.10 

556 14.45 173 4.50 

24 O.15 50 0.30 

12 1.20 12 1.20 

$47.80 $44.10 

15.23 16.26 

$63.03 $60.36 

1.15 Re 

$61.88 $59.21 








* This includes the cost of other deoxidizers such as ferrosilicon and aluminum 


scrap, pig iron, iron ore, and ferro- 
manganese were those quoted in 
Iron Age for 1952 with eastern Penn- 
sylvania as the basing point. These 
prices are $43 per gross ton for steel 
scrap, $58 per gross ton for basic 
pig iron, $14 for iron ore, and $225 
for 80% ferromanganese. These are 
fairly close to present quotations and 
would be logical to apply to any non- 
integrated plant. The price for basic 






pig iron, however, is quite out of line 
with the cost of basic pig iron in an 
integrated steel plant and the com- 
parative cost must, therefore, be re 
viewed with this in mind. However, 
if the electric installation 
were placed adjacent to the blast fur- 
nace in an integrated plant, the cost 
of pig iron would be the same as for 
an openhearth plant. On this basis, 
(Continued on p. 178) 


furnace 












Statistical Quality 







these 





pages, 






spection. 





clearly and concisely. 
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Control Can Help You 


Here is the information that drew ca 


pac ity attendance to the Philadelphia 


tical quality control, Reported in 
lectures have a down-to 


earth value that you can apply in your 


Principles of its technique 


and examples of its use are described 


Practical Uses of Statistical 
Quality Control in Metal Industries 


Units for Measuring Variations in Measurements 


Metallurgical Plants 


Correlation of Test Data 


The Practical Uses of Statistical Quality Control in 


Some Applications of Statistical Analysis in the Steel 


Industry 


American Society for Metals 


$1.50 


7301 Euclid Avenue, Cleveland 3, Ohio 


Chapter’s educational course on. statis 


26 Please enter my order for —- 
) 


Payment enclosed [) 


job in production, engineering and in- 


Name 


City 


Zone 


copies of Practical Uses of 


Statistical Quality Control in Metal Industries at $1.50 per copy. 


Bill me () Bill my 


company [_} 


_ Street 


ett ED tnteinen 

















ANACONDA 
METALS AT WORK 


The American Brass Company develops 
a new kind of brass that cuts polishing time 50% 
for one manufacturer and improves product 
appearance for another...makes bronzes 
that extend the life of many metal parts 


(ld ayo insurance... 


It’s easy to take out. And you pay no premium. 
AnaconDA Phosphor 
Bronze for the many components like those 
shown. 


All you do is specify 
Ten alloys are available in seven forms. 
All are strong and tough. They bear up under 
constant wear and flexings, periodic stresses, 
fatigue They resist abrasion... 
conduct heat and electricity well... keep their 
high elasticity. We'll be glad to help you select 
the Phosphor Bronze Alloy that's just right for 
your job. 


and corrosion. 


(Want more information 2 


Our Technical Department can give you a wealth of 
information on the properties and applic ations of 

Write to: The American 
Brass Company, Waterbury 20, Conn. In Canada: 

New Toronto, Ont. 


Formbrite and P hosphor Bronze. 


Anaconda American Brass Ltd., 


Reg. t Pet Of 


ight. on high luster at low cost 


The high luster on these brass flashlight 
end caps didn’t come naturally. Niagara 
Searchlight Corp., Buffalo, N. Y., had 
to buff it on. This was a high-cost 
operation. Now Niagara uses 
Formbrite* .. . a new kind of drawing 
brass that provides a surface far 
superior to ordinary brasses. 
Result? Niagara reports a 50% cut 
Plating and rf 
general quality are improved, { 


And the "y find 


Formbrite easy to form, 


in polishing time. 
too. 


draw or emboss. 


@H8& 
@® 


hate ina nameplate 2 


According to the Arlen Trophy 
Co., Brooklyn, N. Y., one of the 
largest trophy and premium 
manufacturers in the country, 
the appearance of a nameplate 
often means the 


difference be- 


tween landing or losing a sale. 
But 


That's why 


price is important, too. 
makes 
their nameplates out of Form- 
brite 
nary brasses. Yet, because of its 
superfine grain structure, it pol- 
ishes to a bright finish in half 
the time 


harder, stronger, springier, more 


Arlen now 
It costs no more than ordi- 
Formbrite results in 


scratch-resistant products, too. 


bonz 


ANACONDA’ 


the name to remember in COPPER * BRASS - BRONZE 
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What do you 
know about the 


Maly-sultide 


LUBRICANT? | 


You may have heard 
about a highly suc- 
cessful solid-film lu- 
bricant which is giv- 
ing remarkable re- 
sults in the shop and 
in the field. 


In one 40-page 


booklet we have col- 
lected 154 detailed 
case-histories de- 
scribing how difficult 


lubrication problems 
: have been overcome 
by molybdenum sul- 
fide. If you wish to be 
up to date about this 
solid-film lubricant, 
fill in the coupon be- 
low, attach it to your 
letterhead and send 
it off today. 
THE LUBRICANT OF MANY USES 
Moly-sulfide 
ALITTLE DOES ALOT 
: 


Climax Molybdenum Company 
500 Fifth Avenue 
‘Mew York City - 36-N-Y- 









SEND FOR THIS FREE 
BOOKLET TODAY => 


t “ be a 
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Cost Comparison . . . 


(Continued from p. 176) 
the final cost for ingots is definitely 
comparable. 

It is interesting to note in Table 
IV that the electric furnace plant 
has an overall ingot cost of $2.67 per 
ton less than the openhearth plant 
when a 100% cold scrap charge is 
used, For smaller plants with lower 
capacity the differential between an 
electric and openhearth becomes 
This result 
demonstrates that the installation of 
small isolated electric furnace plants 
of 250,000 tons to 1,000,000 tons per 
year is at the present time definitely 


even more favorable. 


a cheaper operation than an open- 
hearth plant. 





With the use of the 50% hot metal 
charge, the cost of electric furnace 
ingots is higher by $1.32 per ton 
than for the openhearth ingots. This 
higher cost results because lower 
thermal electric efficiency is obtained 
with the hot charge than with the 
cold. Even so, the difference in cost 
for the openhearth and the electric 
furnace charges of 50% hot metal 
does not seem to be too significant. 
These final cost figures emphasize 
that the large electric furnace has 
become a close competitor of the 
openhearth, and this does not take 
cognizance of the better control, 
better uniformity and usually better 
performance in service of electric 
furnace steel as compared to basic 
openhearth steel. (To be continued) 
E. C. Wricut 


Table V—Estimated Production Cost per Ton of Ingots From 50% Hot Metal 





IteEM 


Steel scrap @ $43 per gross ton 
Hot metal @ $33 per net ton 
Iron ore (lump) @ $14 per gross ton | 
80° ferromangancse* 
(@ $225 per gross ton 
Total cost of metallics 
“Cost above” 
Gross cost | 
Less credit for 60 lb. of recoverable 
steel scrap 
Net production cost per ton of 
ingots 





OPENHEARTH ELECTRIC FURNACE 
| La. Per Cos LB. PER ; 

Ton 1OST Ton Cos! 

1126 $21.60 1103 $21.18 

1126 18.58 1103 18.20 

150 0.85 120 0.75 

12 ; 1.20 | 12 1.20 

$42.23 | $41.33 

12.93 | 15.14 

| $55.16 | $56.47 

1.15 he 

$54.01 $55.32 








* This includes the cost of other deoxidizers such as ferrosilicon and aluminum. 


Properties of Al-Mg-Si Alloys Containing 
Iron, Manganese or Chromium* 


HE COMMERCIAL importance of 

the heat treatable wrought alumi- 
num-magnesium-silicon alloys moti- 
vated this detailed study of the effect 
which iron, manganese and chrom- 
ium have on mechanical and cor- 
rosion properties. 

Earlier investigators have shown 
that after solution heat treatment, 
hardening in such alloys is the 

*Digest of “The Effect of Iron, 
Manganese and Chromium on the 
Properties in Sheet Form of Alum- 
inum Alloys Containing 0.7% Mag- 


nesium and 1.0% Silicon”, by R. 
Chadwick, N. B. Muir and H. B. 


Grainger, Journal of the Institute of 
Metals, 
75-80. 


Vol. 82, October 1953, p. 





result of Mg.Si precipitation. How- 
ever, when the necessary proportion 
of magnesium and silicon is present 
to form Mg.Si, some silicon remains 
as a separate phase, the excess mag- 
nesium going into solution, and by 
reducing the maximum solubility of 
Mg.Si, results in a reduction of me- 
chanical strength. Thus it is neces- 
sary to have excess silicon to obtain 
highest properties. The age harden 
ing behavior is further complicated 
by the presence of iron, manganese 
or chromium. 

In this investigation the three 
series of alloys studied were an iron 

(Continued on p. 180) 








Invitation to Entrants 


9th Metallographic Exhibit 


Entries are invited in the 9th @ Metallographic Exhibit, to be held at 
the National Metal Exposition in Chicago the week of Nov. 1 through 
5, 1954. Entries will be displayed to good advantage and awards will 
be given for the best micrographs as decided by a committee of judges. 


Classifications of Micros 


Toolsteels and tool materials 
Stainless steels and heat resisting alloys 





Aluminum, magnesium, beryllium, titanium and their alloys 
Copper, nickel, zinc, lead and their alloys 
6. Metals and alloys not otherwise classified 


l. 
2 
3. Other steels and irons, cast or wrought 
4 
5 


7. Series showing transitions or changes during processing 


8. Welds and other joining methods 


9. Surface phenomena 


10. Results by unconventional techniques (other than electron micrographs ) 


11. Slags, inclusions, refractories, cermets 


Awards and 
Other Information 


A committee of judges will be appointed by 
the Metal Congress management which will 
award a First Prize (a medal and blue 
ribbon) to the best in each classification. 
Honorable Mentions will also be awarded 
(with appropriate medals) to other photo- 
graphs which, in the opinion of the judges, 
closely approaeh the winner in excellence. 
A Grand Prize, in the form of an engrossed 
certificate and a money award of $100, will 
also be awarded the exhibitor whose work 
is adjudged best in the show, and his 
exhibit shall become the property of the 
American Society for Metals for preser- 
vation and display in the Society’s National 
headquarters in Cleveland. 


All photographs may be retained by the 
Society for one year and placed in a travel- 
ing exhibit to the various Chapters. They 
will be returned to the owners in May 1955 
if so desired. 


Rules for Entrants 


Work which has appeared in previous metallographic exhibits held by 
the American Society for Metals is unacceptable. Photographic prints 
shall be mounted on stiff cardboard; maximum dimensions should be 
limited to 15 by 22 in. Heavy, solid frames are not permissible because 
of difficulties in mounting the exhibit. Entries should carry a label on 
the face of the mount giving: 

Classification of entry 

Material, etchant, magnification 

Any special information as desired 


The name, company affiliation and postal address of the exhibitor should 
be placed on the BACK of the mount. 
Transparencies or other items to be viewed by transmitted light must be 
mounted on light-tight boxes wired for plugging into lighting circuit, 
and built so they can be fixed to the wall. 
Entrants living outside the U.S.A. should send their micrographs by 
first-class letter mail endorsed “Photo for Exhibition—May be opened 
for customs inspection.” To be acceptable as first-class mail the package 
should measure no more than 35 x 45 em. (14 x 18 in.) 
Exhibits must be delivered before Oct. 15, 1954, either by prepaid 
express, registered parcel post or first-class letter mail, addressed to: 

National Metal Exposition 

International Amphitheater 

43rd and Halsted Sts. 

Chicago 9, Il. 





36th National Metal Congress and Exposition 


Chicago, Ill. 


November 1 to 5, 1954 
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HEAT TREATING 
FURNACES 


UP TO 2000°F. OR MORE 





This car-type annealing furnace 
is an example of the heat treat- 
ing furnaces designed and engi- 
neered by the Carl-Mayer Corp. 
This particular car bottom fur- 
nace was designed for the heat 
treatment of chain up to 2000°F, 
at Cleveland Chain & Mfg. Co. 
We also build furnaces for other 
uses, including aluminum and 
magnesium heat treating. 





This battery of three aging ovens incor- 
porates direct gas-fired recirculating 
air heating systems and other features 
which contribute to uniformity and 
faster, more economical production in 
a large aluminum company. 


Investigate the advantages and pat- 
ented features offered in the heat treat- 
ing furnaces and ovens designed and 
built by the Carl-Mayer Corp.—write 
for the new, illustrated folder today. 


Bul. HT-53. 


THE CARL - MAYER CORP. 
3030 Euclid Ave., Cleveland, Ohio 
SS = SLL 
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Al-Mg-Si Alloys .. . 


(Continued from p. 178) 

free aluminum (the basis alloy), one 
with low iron (0.2%), and one with 
iron at 0.35%; each series contained 
0.7% magnesium and 1.0% silicon and 
was further alloyed with 0.20, 0.40 
or 0.60 manganese or chromium. 

Metallographic examination of the 
chill-cast structures revealed in the 
basis (iron-free) alloy Al-Mg.Si 
eutectic and elemental silicon. With 
manganese or chromium present 
the a-(MnSi)Al or the a-(CrSi) Al 
phases occurred. In the absence of 
either manganese or chromium, iron 
occurred mainly as B-(FeSi) Al or 
a-(FeSi)Al, but the latter phase 
predominates when either manga- 
nese or Chromium is present. It was 
observed that reheating had no 
effect on the Al-Mg-Si alloy with 
0.35% Fe, but in alloys with man- 
ganese or chromium (with or with- 
out iron) reheating caused a precipi- 
tate to form in the matrix. At 390° 
I’. there was a general mottling of 
the grains which, at progressively 
higher temperatures, became more 
pronounced at the center until at 
930° F. the edges of the grains 
appeared free of the precipitate. 

In the wrought alloys, the grain 
boundary phase was broken up into 
stringers of intermetallic compound. 
During hot rolling, large well-dis- 
persed particles were precipitated; 
this was especially apparent in the 
manganese and chromium-bearing 
alloys in which a banding also de- 
veloped from the mottled core and 
light grain boundaries of the origi- 
nal cast structure. The precipitate, 
undoubtedly Mg.Si, was redissolved 
on heat treatment and the dark 
bands changed in appearance, the 
precipitate becoming smaller in 
quantity and more finely dispersed 
so that the appearance was more 
uniformly gray rather than mottled. 
It was assumed that the as-rolled 
banded effect was due to a duplex 
precipitate with coarse particles of 
Mg.Si (which redissolved) and 
finer ones of the less soluble com- 
plexes (Mn,Fe)Al, or (Cr,Fe) Al. 
Artificial aging of the Al-Mg-Si and 
Al-Mg-Si-Fe alloys caused the ap- 
pearance of dark, uneven lines on 
the grain boundaries which were 
absent on those containing manga- 
nese and chromium. 

(Continued on p. 182) 
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EINGS 
3 SIEVING 


Let us prove to you that LORCO 
Barrel Finishing Compounds will in- 
crease metal finish, color, and luster, 
and reduce your operational time 
cycles and costs. 


Send us some samples of one of your 
hard-to-tumble parts . . . we will 
tumble them in the LORCO Com- 
pound designed specifically for the 
metal or alloy the part is made of ... 
and the cleaning and finishing job 
required. 


When you see the uniform, low 
micro-inch finish, and feel the ultra- 
smooth surface achieved by using 
LORCO Compounds employed in 
modern media, you'll see why so 
many barrel finishing operations to- 
day are using the new, highly ef- 
ficient LORCO Barrel Finishing 
Compounds. You'll realize it’s time 
you switched to LORCO Com- 
pounds. If you 
prefer, we will 
gladly send you 
samples of most 
LORCO Com- 
pounds, so_ that 
you can conduct 
the test yourself 


for LORCO’S fact-filled 
Catalog. In it you'll find 
our Rapid Application 
Index, characteristics, 
descriptions, and field 
data on all LORCO 
Compounds. 


CHEMICAL CORPORATION 





COMPLETE LINE OF 
BARREL FINISHING COMPOUNDS 
ALL TYPES OF TUMBLING BARRELS 
INCLUDING BENCH MODELS 
MEDIA AND AUXILIARY 
EQUIPMENT 


2068 S$. QUEEN ST., YORK 5, PA. 
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New Tool Steel Saves Production Time 


AK 


IDEAL FOR ALL 


E APPLICATIONS 


Making 
’ Back-up rings? Then you'll want 
to use BTR Hollow-Bar, Bethle 
hem tool steel is especially de 
signed for this type of service 

BTR “Bethlehem Tool 
oom,” our popular oil-hardening tool 
steel. BTR Hollow-Bar i 
improved Bethlehem 
High Speed Trepanning By thi 
metal of the 


ring dies? Draw rings Ring 
gages 


a new 


W h ( h 


stands for 


made by an 
ealled 
method, 


hammer-forged 


proe ess 


the center 
round bars is cored out and the bars are 
then rough-turned on the outside 

BTR Hollow-Bar saves 


and delivery time 


production 


tire hecause vour dis 


tributor ean eut off rings fror the bar to 


any desired length It also enable you to 
no need 


or dises. What's 
there's no 


save shop time, because there's 
to wait for forged ring 


more, In most instances drill 


rough turning, rough boring, or 


ing, 


rough-facing re 


BTR Hollow-Bar 


uired 


furnished in the 


Brinell of 202 
max, and is smooth-machined on both the 
urfaces, Stock lengths 
6 ft to 8 ft, and for 
sizes S ft to 12 ft 


annealed condition to a 


inside and outside 
for small sizes are 
large 
Typieal Analysis 
eee le 
1.20 
Vanadium 


Carbon Chromium 


Manganese Tungsten 

0.20 

If vou'd like to know more about Hol 
low-Bar, talk 
tor. Or write to us at Bethlehem, Pa. 
66 HS MACHINES CAR WHEELS 
Ilere the rim eontour and front face of 
freight-car 
be ny machined The 
de pth of eut is 1 2 in. Both the 


ing and 


it over with vour distribu 


a “one-wear” wroucht-steel 


wheel are average 
rough 
finishing tools used in this ma 
chining operation are made of Bethlehem 
66 TIS. This is our moly-tung 
of high speed tool teel, In ddition to 
hock-re 


red-hardnes 


ten grade 


featuring and 


tit His also has 


wear stance, 


rood 


gETH EHEN 
ST EL 


BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


It Doesn't Pay 
to Punch All 
the Way Through 


One of the best ways to improve the tool 
life of punches i 
the punch. Iti 
to vo comple tely through the hol 
hole, 
clearance, 
loud 


in burred 


to control the stroke of 
not necessary for a punch 
When 
ro through the rapid 


inereases the 


il pune h does 


wear occurs Increases 


Which in time neces 


sary for punching, and result 
edyes 

When a punch has penetrated part 
through the stock, “ 
and the “button 


amount of 


wily napping” o« 


pune hh be tore 


curs pops out.” 
penetration of 
. snapping” tuke plane ele ye nds upon the 
tock 


ofter the ma 


material being punched, ancl the 
thickness. 
terial the 


quired; conversely, a hard or brittle ma 


In general, the 
greater the penetration re 
terial requires |e 

| he 


may be as 


penetration 
soft, thin 
high as 90 pet of the 
On hard, thick 
10 pet. The least 
which will bring out the 
What the 


must be 


stock 


tock 


penetration on 
thickness. tock it may be 
low as amount of 
penetration 
“button” i best 
should be 


penetration 


determined on each 


Proper control of penetration of the 


punch by adjustment of the stroke of 


the pre will pay off in decreased wear 
on the punch, resulting in better quality 


parts and increased tool life. 
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KACTE 


HAND PYROMETERS 


The XACTEMP PYROMETER 
makes possible better qual- 
ity control and helps to- 
ward elimination of blow- 
holes, burnouts, sand infil- 
tration and other flaws due 
to incorrect temperature... 
affords a simple, effective 
means for accurate temper- 
ature measurement of mol- 
ten, non-ferrous metals. 
Well-balanced, easy to 
handle .. . always ready 
for use and requires no 
preiiminary adjustments. 

Cast aluminum and brass construction. 
Indicator is of medium resistance not affec- 
ted by thermocouple length . . . acts rapidly 

. provided with Alnico V magnet and 
direct reading dial starting at 50° F. 43” 
. standard 7” 
Marshall tip permits true readings below 
surface of metal. Made to give good serv- 
ice for years. Order at once to be sure of 
immediate delivery from stock. 


Catalog No. MM701 S 50 

Complete with Thermocouple . . 

Catalog No. 1449-501T Replacement 
Thermocouple Tip....seeees+ 


stainless steel extension . . 


Ask about XACTEMP PYROMETERS for all-around 
general temperature checking. A full line of ther- 
mocouples available in stock. 









o4 


-14 11 4 40% d 
CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies + industrial Furnaces & Ovens 
Pyrometers & Controls + Metallurgical Testing Machines 
Dept. 15 + 3000 South Wallace St., Chicago 16, i. 
Dept. 15 + 2035 Hamilton Ave., Clevel 14, Ohio 


" 
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Al-Mg-Si Alloys . . . 


(Continued from p. 180) 

The effects of thermal treatments 
and alloying additions were deter- 
both bend 
test specimens, and it was shown 


mined on tensile and 
that in the iron-free alloy, manga- 
nese and chromium progressively 
enhanced strength with a corres- 
ponding loss of elongation. Iron also 
increased strength and, when pres- 
ent with manganese or chromium, 
the effects were roughly additive. 
In the artificially aged alloy the 
same trends toward increased prop- 
erties were observed—slight with 
respect to ultimate strength but sub- 
stantial in the increase in proof 
stress, with a corresponding loss in 
ductility as measured by elongation 
and bend tests. Elongation values of 
artificially aged alloys did not ex- 
hibit the usual inverse relationship 
to tensile properties; in fact, the 
basis alloy was quite brittle and was 
improved with additions of iron but 
more significantly with manganese 
or chromium, the best properties 
being obtained with 0.2% or more 
of either of these latter two elements. 

Further investigation of anomalies 
in ductility showed that in the basis 
ternary alloy and the iron-bearing 
quaternary alloy (where precipi- 
tation had taken place at grain 
boundaries on aging) fractures were 
entirely intercrystalline. In the iron- 
free alloys containing 0.2% of either 
manganese or chromium, fractures 
were mainly, but not entirely, inter- 
crystalline. In all iron-bearing alloys 
with manganese or chromium and in 
iron-free alloys with 0.4% or 0.6% 
of either manganese or chromium, 
fractures were mainly transcrystal- 
line. Comparison of these observa- 
tions with metallographic studies 
leaves little doubt that brittle frac- 
tures are associated with a strong 
precipitate at grain boundaries. This 
was substantiated by corrosion resis- 
tance tests which demonstrated that 
chromium in salt-peroxide solution 
was more effective than manganese 
in preventing intercrystalline attack; 
in acid-salt solution chromium and 
manganese were equally effective. 

The authors’ conclusion is that 
grain boundary fracture is caused 
by the low mechanical strength of 
a precipitate that is thrown down 
at the grain boundaries. 


G. M. Younc 
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MARTINDALE 


ROTARY BURS AND FILES 


Made of high-speed steel. Produced in our own 
factory where uniform hardness is assured by 
heat-treating in electric furnaces on which the 
temperature is closely controlled by electric eyes. 





Set AB (Burs) AF (Piles) 


The above sets, with 4,” diameter shanks, are 
composed of the 8 most popular sizes for gen- 
eral use. 

Over 200 sizes and shapes (total over 75,000 
pieces) are carried in stock for immediate 
shipment. 


DEMAGNETIZER—Model D-3 





This tool quickly and easily removes magnetism 
from cutting tools such as cutters, drills, saws, 
etc., and thus keeps them free from chips and 
metal-slivers that reduce production. Cuts cost 
of tool maintenance. 


HEAVY DUTY ETCHER 





. = 4 


Model A-A has wide use as a production-line 
etching tool. With six heats it ts effective on 
small parts and also on large pieces such as 
shovels, castings, etc. Complete with ground 
lead, heavy metal case, etc. 


Send for Catalog with 64 pages of Mainte- 
nance, Production and Safety Equipment. 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue, Cleveland 7, Ohle 
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FORGING TECHNICIANS—Yes, that is the compliment paid us by those acquainted G 
with our services. In back of each design is a thorough understanding of engineering BRAM 
and metallurgical needs before production begins . . . assuring forgings of maxéi- W 
mum physical properties and uniform quality (Wi 


THE LANDING GEAR FORGING illustrated, nearly five feet long, is an important [d 
component for a modern military fighter... another example of Wyman-Gordon’s [Gj 
technical contribution to aircraft. (wy) 


“There 2 no substitute for Wyman- at expervence g 
@ 


) WYMAN- GORDON | 


‘ 
Established 1883 a 





FORGINGS OF ALUMINUM * MAGNESIUM * STEEL *® TITANIUM (1,9) 


4 
WORCESTER, MASSACHUSETTS NG 


Q HARVEY, ILLINOIS DETROIT, MICHIGAN VG } 
@ @ 
Q 7 GP) 
SGOOCCOGCOECOCCOGCOOCCOCCOSCOGCOG™ 
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put real 
sales appeal in 
your products with 


MUELLER BRASS CO. 
forgings 


Windows in this modern new Florida hospital supplied by 
Valley Metal Products Co.—subsidiary, Mueller Brass Co. 





The aluminum hardware used on all the windows in this modern 
hospital is a good example of the sales appeal that can be built 
into a product with Mueller Brass Co. forgings. These forgings are 
smart in design, practical in operation, and low in cost. They can also 
be produced in natural bronze or chrome finish depending on the 
desires of the architect or builder. 


All Mueller Brass Co. forgings have a dense, close-grained structure 
with a high tensile strength. Weight savings up to 40% are possible 
in the design of parts because of the close tolerances to which 
they can be produced. Less scrap and longer tool life result 
from the easy machinability of forged parts. Mueller Brass Co. 

is completely equipped to produce brass, bronze or aluminum 
forgings to your specifications. For complete details, 

write us today. 


MUELLER BRASS CO. 


PORT HURON 20, MICHIGAN 





Thread Inserts of 18-8 
Stainless for Magnesium 
Components * 


ROADENING applications of mag- 

nesium castings, forgings and 
extrusions in both commercial and 
military equipment have required 
attention to improved methods for 
securely fastening components. Solid 
bushings and screw thread inserts 
have been in use for many years and 
the accumulation of performance 
data has helped determine their 
relative merits and shortcomings, to 
the end that workable standards 
have been compiled. 

Screw thread inserts of stainless 
steel wire offer advantages of weight 
saving, strength and resistance to 
elevated temperatures, vibration and 
corrosion. Such inserts, resembling 
springs, are in reality helically 
coiled, precision formed threads. In 
their manufacture, round 18-8 stain- 
less steel wire, with minimum of 
150,000 psi. tensile strength, is 
worked to a diamond-shaped cross 
section in specially ground carbide 
rolls having surface finish of 4 to 6 
micro-in. The resulting finish on the 
wire is 8 to 15 micro-in. which pro- 
duces a smooth, free-running thread. 
The cold working increases tensile 
strength to a range of 200,000 to 
300,000 psi. and hardness to as high 
as Rockwell C-50. Final step is to 
coil the wire to the desired diameter 
and length, holding a tolerance of 
0.0002 in. across flats. 

Installation, in either original 
equipment or repair work, is fairly 
simple. The bolt hole is drilled to 
the required minor diameter and 
tapped to accommodate the insert. 
Taps for this purpose are standard in 
pitch but are cut oversize in pitch 
diameter for the insert. Class of fit 
in the final assembly depends upon 
the tolerance held in the tapped 
hole. Class 2B, for example, is 
widely accepted for average mass 
production requirements; class 2 or 
3B for closer fits, and class 3 for 
high precision, compatible with in- 
terchangeability. 

(Continued on p. 186) 

*Digest of “Performance Data: 
Stainless Steel Wire Screw Thread 
Inserts in Magnesium Applications”, 
by Paul E. Wolfe, a paper presented 
at the ninth annual meeting of the 


Magnesium Association, New York, 
Nov. 2, 1953. 














TOPS FOR PRODUCTION OF HIGH GRADE STAINLESS, ALLOY AND RIMMING STEELS 





A. M. Byers Company 


sce en Sete 8 ct the standard of 


Crucible Steel Co. of America 


—tmnwe—v  €fficiency and safety! 


Ohio Steel Foundry Company 


Republic Steel Corporation Embodying the latest in mechanical and electrical equipment, 

Rotary Electric Steel Company these widely used furnaces are noted for their efficient per 
The Timken Roller Bearing Company . , 
iecttiacdiliienis Cialis formance, safety, and low operating cost and maintenance 
We welcome an opportunity to help you select and install 


the furnace best suited to your particular requirements 


NEW CATALOGUE NOW READY 


Contains up-to-date information on Heroult Elec GENERAL OFFICES: 525 WILLIAM PENN PLACE, PITTSBURGH, PA. 
tric Melting Furnaces — types, sizes, capacities, Contracting Offices in New York, Philodelphio, Chicago, 
ratings, etc. Write Pittsburgh Office for free copy. Sen Feanclece end other getacipal cities 


United Stotes Stee! Export Company, New York 


AMERICAN BRIDGE DIVISION, UNITED STATES STEEL CORPORATION 
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Solve You r 


Problems 
with... 


RHODIUM | 
PLATING | 


Rhodium plating is finding 
increased use by electronic 


( 
! Corrosion 
| 





a 


design engineers where 
resistant 


electrical contact surfaces 


hard, corrosion 


are required. Rhodium pro- 
vides a stable contact re- 


er ow re 


sistance and allows use of 
higher pressures in sliding 
contacts. 


~~ 


Rhodium is not affected 
by atmospheric changes, is 
free from oxide rectifica- 
tion and provides a low 
noise level. It finds many 
applications in the printed 
circuit field where it per- 
mits incorporation of slid- 
ing contacts as part of the 


circuit. 


Write for Booklet 16. 
BAKER & €O., IN 


113 ASTOR STREET, NEWARK 5, N. J. 
NEW YORK * SAN FRANCISCO * LOS ANGELES * CHICAGO 


Fe Ng ey 
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Thread Inserts 


(Continued from p. 184) 

The insert is fitted in place with 
either hand or power tools, Fig. 1, 
slotted mandrel in the tool engaging 
a driving tang on the insert and com- 
pressing it so that diameter is slight- 
ly smaller than that of the tapped 
hole. When driving torque is re- 
leased, the spring action of the insert 


locks it firmly into the tapped 





Fig. 1 — Screw 


Thread of Dia- 
mond-Section Wire Is Inserted Into 
the Tapped Hole by Either Hand 


or Power Tool. The tool mandrel 


( OMLpTesses 


the coil to slightly 
smaller diameter than the hole 


threads to prevent any movement 
during the assembly of mating parts 
with cap screws or bolts. For through 
holes, the driving tang is notched, 
allowing it to be broken off easily 
and removed, as shown in Fig. 2 
Magnesium alloys, of course, will 
corrode when in contact with stain- 
less steel in the presence of an elec- 
trolyte. 


tween 


Similar action will occur be- 
cadmium-plated bolts and 
contacting 
though to a particu- 
larly if the electrolyte is of a mild 
variety. 


magnesium parts, al- 


lesser degree, 


Occasionally it is the prac- 
tice to cadmium plate the stainless 
steel screw thread inserts, although 
ten years of field experience has in 
dicated this is not essential. 

For one thing, in most assemblies 
the bolt head, washer and clamped 
member combine to seal off the in- 
sert, bolt threads and tapped threads 
from exposure to corrosion condi- 
tions. Beyond that, most users specify 
a wet zinc chromate primer on the 
tapped thread to prevent metal-to- 
metal contact with the insert. Fi- 
nally, it has been found that even if 
some corrosion does develop, the 
corrosion products serve only to lock 
the insert more securely. 

An example of weight saving ef- 
Continued on p. 188) 
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PURE ZIRCONIUM OXIDE 





Both oxides have definite advantages 
for specific uses due to their particular 
physical and chemical properties. Study 
the comparative information given here 
and see which will answer your re- 
quirements best. 

Make note of the fact that our pure 
(monoclinic) oxide can be furnished in 
the finest grain size obtainable. We be- 
lieve the purity of our oxides is unexcelled. 


Typical Analysis 


Pure Oxide (Monoclinic 99.2% Zr0;) 





Ca0 MgO K,0 No20 | 6,0; 











TiO, 

16 10 a 05 003 
CaO MgO K,0 Na,0 | B03 
5.20 1.01 001 003 | .001 

















Use Characteristics 


Different crystal structures account 
for the different successful uses of these 
two oxides. Pure oxide, having mono- 
clinic crystals, undergoes an inversion 
of crystal structure and a 7 per cent 
volume change at about 1000° C. The 
introduction of calcium oxide, during 
the process of creating stabilized oxide, 
locks each crystal in a cubic form which 
remains constant to its melting point of 
4700° F. The other important difference 
between these two oxides is the neces- 
sarily larger percentage of calcium present 
in the stabilized oxide. As 


FREE SAMPLES of cither oxide are avail- 
able on request. Perhaps we can help 
you with your particular application. 
Write Zirconium Corporation of Americo, 
Solon Blvd., Solon, Ohio. 
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MANUFACTURERS OF ZIRCONIUM COMPOUNDS 











MERRILL 


THIS SAVING HAS BEEN MATERIALS HANDLING 


DEVICES 
OVER $1,000 A MONTH 


No. 95 HAS CUT 
OUR CLEANING REJECTS 
BY MORE THAN 90% 


CRYSCOAT 





DOES A FINE JOB COATING 
90 MM. SHELLS STEEL GEAR PLATES 


LOOK LIKE MIRRORS 


LIFTING CLAMP 
@eeeeeeee 


We help our customers 
write success stories 


Every day 200 Oakite Technical Service Represen 
tatives use Oakite cleaning materials and methods 
to help thousands of Oakite customers accomplish \ @ TWIN LIFTER 


metal-cleaning jobs that are important parts of big CeeeeeeeSeeeeeees 
production operations. Z 














When a busy customer sends a few words of ap 





preciation, we treasure those words as a success sen 





tence that we have helped write in his sucee tory. 
Here are brief explanations of the success sentences 
quoted above: 


After 6 months use of Oakite Special Protective Oil HAND GRIP 
for preventing rusting, this manufacturer of precision 
steel parts estimated savings at more than $6,000. ©eee0008 


The use of Oakite Composition No. 95 for con- 


| 
ditioning zinc-base die castings before plating cut | 
cleaning rejects for this hardware manufacturer and 
showed other “very fine advantages.” NS 


Oakite CrysCoat HC put a heavy phosphate coating 
on 385,000 shells with “absolutely no trouble” 
according to a munitions maker, who added that 
“maintenance and control are very easy.” 





For burnishing, “Oakite Composition No. 3 is here 
to stay” says this maker of aircraft instrument parts, 
who adds “Pinions are polished to the roots of the 
gears. Magnesium parts are brilliant.” 

How about your success story? We’ll be glad to tell DRAG CLAMP 

. :, s P » to Oakite 
you how we can help. Just drop a note to” dakite eeeesees 
Products, Inc., 40 Rector St., New York 6, N. Y. 


Ask for our booklet “Some good ) 
things to know about Metal 
Cleaning.” \t discusses our methods for Some good things 
Tank cleaning Pre-paint treatment to know about 
Machine cleaning Burnishing metal Cleaning 
Electrocleaning Paint stripping 
Pickling, deoxidizing Rust prevention ’ 
ry 
o INDUSTRIAL 
‘ 1t Sltay, ) 
ott N@ 


' , MERRILL BROTHERS 
meenes s , 56-31 ARNOLD AVENUE 
Technicol Service Representatives in MASPETH, N. » A 


Principal Cities of U.S. and Conoda 
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nee WAUKEE 
FLO-METERS 


for accurately measuring air .. ammonia. . 
dissociated ammonia . . butane . . city gas. . 
endothermic cracked . . exothermic cracked 
.. hydrogen... natural gas .. nitrogen. . 
oxygen . . propane. 





Thread Inserts . . . 


(Continued from p. 186) 












fected through use of screw thread 


inserts is the redesign of a turbojet 





aircraft engine in which the front 
and mid-frames formerly were at- 
tached to the compressor case by 
bolt locknut. <A 


inserts reduced 


conventional and 










change to engine 
weight 25 lb. by eliminating over 


100 locknuts and the resultant short- 









Here’s the most important advance in flo- 
meter design and construction in the last 20 
years .. the new WAUKEE FLO-METER! 
It’s easier to see flow changes. It’s easier to 
read .. has 6” seale. It’s easier to clean . . 
complete hand disassembly takes only seconds. 
It's easier to mount . . new design permits 
panel mounting, simpler piping. It has built- 
in control valves. 

And you'll like the Waukee’s streamlined 
appearance. For additional information re- 
quest bulletin #201. 


103 KE. Michigan 


ENGINEERING COMPANY 


wt., 














































Milwaukee. Wis. 
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Ductility Te 
quick & easy 


The turning of a single hydraulic 
control knob clamps the specimen, 
tests it, then releases it. The test is made 


in plain view, and the maximum pressure indicators show the 
result until reset. This highly sensitive sheet metal 

tester will take up to %” thick specimens and exert up to 
30,000 pounds pressure, at any desired rate of speed 


Hydraulic mechanism is all neatly enclosed. 
Write for catalog sheet and prices. 


elas tolpmmitdil ical all. | meles’ 1) bi 





9384 Grinnell Ave., Detroit 13, Mich. 
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Fig. 2— Badly Damaged Hole 
(Top) in Magnesium Casting Is 
Salvaged by Tapping Oversize 
and Fitting Stainless Steel Screu 
Thread Insert. Note driving tang 
on insert, gripped by a slot in the 
end of the mandrel for driving 






ening of the fastening bolts. Length 
of thread engagement on the %-in. 
bolts was figured at 1% diameters in 





the forward joint and two diameters 








in the aft end where operating tem 
perature exceeds 500° F. 





Tests have substantiated the pos- 





sibility of higher loading with screw 





thread inserts. The suggested ex- 





. planation is that the coiled wire acts 






as a compensator, spreading stresses 
al 





more evenly over all the engaging 





bolt threads, in contrast to conven- 
tional nut-and-bolt or solid bushing 





assemblies which concentrate load 
stresses over only a few threads. 
A. H. ALLEN 



















TOOL LIFE INCREASED 40% USING 


CITIES SERVICE CUTTING OIL 


Production Also Up, Reports Dunbar Machine & Tool Co. 


THE PROBLEM .. . The Dunbar Machine & Tool Company had a 
problem. It seemed impossible to find one oil which would perform eco- 
nomically and efficiently for ALL the jobs required of the firm’s automatic 
screw machines. 


ONE OIL FOR ALL? After poor results with many cutting oils, 

the Dunbar Machine & Tool Company discovered all their 

cutting jobs could be done to perfection using only one oil 
Cities Service Chillo #44, 


\ 


NO EYE STRAIN. in addition to a 40% increase in tool life 
owner Robert Dunbar found that the transparent character 
istics of Chillo #44 help eliminate eye strain. Cutting opera 
tion is easily visible to operator 


THE SOLUTION ... After trying many brands of cutting oil, “none 
of which gave good all-round performance,” owner Robert Dunbar called 
in a Cities Service engineer. After careful analysis of the problem, the 
engineer recommended Chillo #44 cutting oil. 


THE RESULTS... Using Chillo #44, the company observed these 
results: Tool life increased nearly 40% ... Production increased accord- 
ingly ... Additional savings realized due to chip draining characteristics 
of oil... Holding tolerances no longer any problem... Machine clean-up 
time now insignificant...Transparency of oil eliminates eye-strain . .. 
Less smoke and fumes at high speeds... Also excellent for lubricating 
purposes. Says Mr. Dunbar, “Our results with Chillo #44 permit us to 
heartily endorse this product.” 

If you have a cutting oil problem, consult your nearest Cities Service 
representative or write Cities Service Oil Company, Sixty Wall Tower, 
New York 5, N. Y. 


CITIES ©) SERVICE 


QUALITY PETROLEUM PRODUCTS 
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A Most Desirable Supplement 
fo your eS Handbook, 1948 Edition 


Metal Progress Data Sheets 


192 Sheets 814"x11" loose in Envelope Binder 
Subjects in all branches of Metallurgy 





Buicl 


parts 








A 
“stan in 4047; 4055 ee of each steel 


: Corp- 
* .. an ane a a taal Chrysler basa 








‘ e s t f és Fr M e q a | om Reprinted from “Grits and Grinds” 


(Norton Co.), June 1940 - 





Order from American Society for Metals 
7301 Euclid Avenue Cleveland 3, Ohio 
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It Can't be “Too Good” 
FOr YOU one wt ore 


find out that it can't be aone will ‘ch eap’ all ) Intelligent ‘ f hee pin, 


i 
sertlce res td 


denana 


Accurate service records clearly reveal your alloy-cost-per-part treated 


First cost, the price per pound of ‘castings,’ means little or nothing. It 1s cost-per-heat 
, hour-of -service and, particularly, cost-per-part-treated that counts. Top U.S. manufac 


turers don't operate with “cheap” alloy, any more than U.S. railroads run on dollar 
watches 


: \ ‘ITH increasing competition, true Leaders will turn to other true Leaders im each 
, specialized industrial field to sharpen process and reduce costs. Process and 
product improvement come from R & D and 
engineering effort. The “price peddler” has a 
rough time ahead. Inherently he is short in the 
“1.Q. Dept.” Having less & less to sell he will 
sell it for less & less, and produce it accordingly 
ee the sharp, clean detail of these G.A 
} castings. All interlock or interrelate in 


as 





sembly with functional accuracy and they musi 

ntinue to do so after hundreds or thousands 
of heat cycles. Note the small “bayonet-locks 
on the inner surfaces of the Rings on the 
Buick trays. These accurately engage and locate 
parts treated, ‘Precision areas” in large castings 
are i General Alloys develo; ment 






YENERAL ALLOYS products embody the 


4 Ne ved Cnyinecring metallurgical, cast 





ing-process, and field service knowledge gained from thirty-five years’ experience as 


the unquestioned leader in the engineering and production of heat and corrosion re 
sistant alloy castings 


N° Organization im casting history has so extensively researched all related arts 
crafts and sciences for the advancement of casting design, process and service life 


(;.A.. a National Engineering Organization, ofters a complete engineering service for 
the design of any high temperature tooling, including any and all furnace mechanisn 
jet cnygine col pon nts, or gears, be irings and complex mechanism for dk } ( ndabl fun 
t10n at high ten per itures. Similar services are available on all corrosion resistant alloy 


a} | Hmcations 





Phone, wire or write and we'll contact you direct 


INTERNAT, 
. : Or 
from our nearest office. VAL 


NARVESTEC 


"GENERAL ALLOYS 


COMPANY 
Boston — Mass., U.S.A. 





who have, by far 
“the most of what 
there is no substitute for” 
—EX PERIENCE, 
In engineering design, metallurgy, 
casting technology, and field engi- 


neering service. 35 years of it are at 
your service on request. 


’ WANS tt 4 
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BOLTS- NUTS 


ENGINE PARTS 


“ON SPRING? 
oye 


For Hardening Small Parts 


Uniformly—Scale-free—Continuously, 175 to 2000 Ibs. per hr. 





@ The E F chain belt conveyor furnace is one of 
the most satisfactory continuous heating units yet 
devised for scale-free hardening, carbon restoration 
and non-decarb heat treating small and medium size 
parts. The material is loaded onto a rugged heat 
resisting cast link conveyor belt; carried through the 
furnace: heated uniformly to proper temperature ; 
automatically quenched and discharged, No pans or 
trays are needed. Hundreds in daily operation prove 
the dependability and efficiency of our design. I1 
standard sizes. Capacities to 2000 Ibs. or more per 
hour. Gas, oil or electrically heated. Furnished com 
plete with any desired feeding or discharging equip 
ment. Write for folders describing our chain belt 


and other production furnaces. 
An EF Gas-Fired Radiant Tube Chain Belt Furnace Showing Labor- 
Saving Feeder. (View at top!) An EF Electrically Heated Furnace isk For Bulletin 461-CB. 
Showing Automatic Quench and Discharge 


( a tee . 
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Gas-Fired, Oil-Fired and Electric Furnaces 


for any Process, Product or Production 





|THE ELECTRICLFURNACE CO. 
alew -~ Chuo 


\ WILSON ST. of PENNA. R. R. 


Canadian Associates © CANEFCO LIMITED © Toronto 1, Canada 


a 








Rounds or hexes—regular carbon and alloy grades—cold drawn, rough turned, turned and 
polished, or centerless ground—annealed or heat treated ... cold finished Aristoloy can 
be furnished any way you want it. And for faster machining, longer tool life, 
and better finish, Aristoloy can be leaded in any 


of the standard A.I.S.I. or S.A.E. standard analyses. 


Why shop around? We can furnish your cold finished 
steel requirements, and our Field Metallurgist will be glad 


to help you with application to your product. 
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COPPERWELD STEEL COMPANY 
Steel Division 
Warren, Ohio 


' ARISTOLOY | 


_STEELS } DISTRICT OFFICES 
325 W. 17th Street 117 Liberty Street 
Los Angeles 15, Calif. New York, New York 


315 Hollenbeck Street 80 King Street West 
Rochester, New York Toronto, Ontario, Canada 





711 Prudential Bidg. 
Houston 25, Texas 


176 W. Adams Street 
Chicago, Illinois 


P. O. Box 1633 
Tulsa, Oklahoma 


1578 Union Commerce Bidg. 


Cleveland, Ohio 


611 Beury Bidg. 
Philadelphia 40, Penna. 


143 Washington Avenue 
Albany, New York 


Monadnock Building 
San Francisco 5, Calif. 


7251 General Motors Bidg. 


Detroit, Michigan 


1807 Elmwood Avenue 
Buffalo, New York 


3102 Smith Tower 
Seattle, Washington 


625 James Street 
Syracuse, New York 


First National Bank Bidg. 
Jamestown, New York 


For export — Copperweld Steel International Company, 
117 Liberty Street, New York 





